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(54) Water-absorbent resin granule-containing composition and production process 



(57) The invention provides: a water-absorbent 
resin granule-containing composition with resolution of 
various problems, as caused by water-absorbent resin 
fine powders, and with high granulation strength, and 
with no physical property deterioration due to granula- 
tion, and. If anything, with improvement of the absorp- 
tion capacity under a load by granulation; and a process 
for producing the above granule. A water-absorbent 
resin primary partide and a water-absorbent resin gran- 
ule are separately surface-crossiinked and then mixed, 
or mixed and then surface-crosslinked. The granulation 
is carried out by mixing a preheated aqueous liquid and 
a water-absorbent resin powder at a high speed or by 
supplying a water-absorbent resin powder downstream 
of an aqueous liquid with a continuous extrusion mixer. 
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Description 

BACKGROUND OF THE INVENTION 

A TgOHNliCAL FIELD 

The present invention relates to a water-absorbent resin composition as favorably used for sanitary materials such 
as paper diapers (di^osable diapers), sanitary napkins, and so-called incontinence pads More specifically, the inven- 
tion relates to: a water-absoibent resin composition containing a water-absorbent resin granule which is obtained by 
mixing a water-absort>ent resin powder with an aqueous liquid ard has high granulation strength and high absorption 
capacity under a load; and a process for producing the above granule. 

R RAnKGRQUND ART 

In recent years, water-absorljent resins are widely utilized as constituents of sanitary materials, such as paper dia- 
pers, sanitary napkins, and so-called incontinence pads, for the purpose of allowing the water-absorfpent resins to 
absorb t50dy fluids. 

As to the above-mentioned water-absorbent resins, the following materials are. for example, known: crosslinked 
matters of partially neutralized poIyacryBc adds, hydrdysates of starch-acrylic acid graft polymers, saponified products 
of vinyl acetate-acrylic ester copolymers, hydrolysates of acrylonitrile copolymers or those of acrylamide copolymers, 
or crosslinked matters of these copdymers, and crosslinked matters of cationic monomers. 

It is said that the above-mentioned water-absorbent resins should be excellent In tiie following properties!: the water 
absorption capacity, the water absonption speed, tiie liquid permeability, tine gel strength of hydrogel, the suction power 
to suck up water from a base material containing an aqueot^ liquid, and so on, upon contact with an aqueous liquid 
such as a body fluid. However, relations between these properties do not necessarily display positive correlations. For 
example, as the absorption capacity increases, some otiier properties such as liquid permeability, gel strength, and 
absorption speed deteriorate. 

As to a method for improving tiie above-mentioned water-absorption properties of a water-absorbent resin in good 
balance, an art in which tiie neighborhood of tiie surface of ttie water-absorbent resin is crosslinked is known, and var- 
ious methods have been disdosed so far, and many crosslinWng agents and condrtions have been proposed. 

For example, metiiods are known in each of which the following are used as crosslinking agents: polyhydric atoo- 
hols {JP-A-58-1 80233 and JP-A-61-016903); polyglyddyl compounds, polyaziridine compounds, polyamlne com- 
pounds, or polyisocyanate compounds (JP-A-59-189103); glyoxal (JP-A-52-1 17393); polyvalent metals (JP-A-51- 
1 36588, JP-A-61 -257235 and JP-A-62-007745) ; silane coupling agents (JP-A-61 -21 1 305. JP-A-61 -25221 2. and JP-A- 
61-264006); alkylene carbonates (DE 4020780). 

In addition, as to the crosslinking condrtions. other metiiods are also known in which ttie following are allowed to be 
present during a crosslinking reaction: inert inorganic powders (JP-A-60-1 63956 and JP-A-60-255814); spedffc dihy- 
dric alcohols (J P-A-01 -292004); water along with ether compounds (JP-A-02-1 53903); alkylene oxide adducts of mono- 
hydric alcohols, or organk} add salts, or lactams (EP 555692). 

On tiie other hand, generally, as to a water-absorbent resin, it is preferable that the content tiierein of a powder with 
a particle diameter of not larger tiian 150 ^m (i.e. fine powder) Is as tow as possible. The fine powder clogs even In 
absorbent articles such as diapers and therefore lowers the liquid permeability. In addition, there are problems in that 
the fine powder is lost as dust when handled, and furttier in tfiat tiie properties such as absorption capadty under a load 
are diffkxilt to improve even if tine fine powder is treated by the above-mentioned surface-crosslinking. Thus, a water- 
absorbent resin containing only a small amount of fine powder is desirable. 

Conventional known methods for producing tiie water-absoriDent resin containing only a small amount off fine pow- 
der are, for example, as follows: (1) a metiiod comprising adjustment of a particle size by an optimization of tiie degree 
of polymerization or pulverization; and (2) a metiiod comprising classification and removal of the formed fine powder 
with a sieve or a gas cun-ent (USP 4.973,632). 

However, method (1) above gives a large amount of fine powder (ten and several percent to tens of percent) in pro- 
duction process steps. In addition, the aboRtion of tiie fine powder as produced in metiiod (2) above results in the much 
lowering of yields and the disadvantage in the abolition cost. 

Thus, various proposals have been made to resolve tiie above-mentioned problems by granulating or regenerating 
the fine powder as inevitably formed in production processes for water-absorbent resins. 

F=br example. EP 0463388A. USP 4.950.692 and 4.970.267, EP 0417761 A. and EP b496594A propose methods 
(as means other than granulation) for regenerating tiie fine powder as large particles by pulverizing and ttien drying a 
gel which is formed by mixing the fine powder with water or a hydrogel. In addition, EP 0644224 proposes a granulation 
method comprising the step of carrying out granulation by adding an aqueous solution of a water-soluble or vwater<Jis- 
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oersible polymer to a water-absorbent resin in the presence of an ins6lul)le inorganic fine powder such that the water 
content of the resultant granule can fall in the range of 30 to 70 % by weight USP 5,002.986. EP 0318989B. USP 
5 248 709 USP 4.123,397, USP 4,734,478. and USP 5,369.148 propose methods for increasing ttie average partide 
diameter of tfie fine powder to some hundreds of micrometers by -granulating the fine powder alone of about 150 
micrometers to some tens of miaometers or a powdery mixture thereof with larger particles by using a binder such as 
an aqueous liquid in an amount of several percent to twenty and several percent of the powder. 

However, it has been difficult to unifbmfily add an aqueous liquid to a water-absorbent resin fine powder because 
its absorptiori speed is fast due to rts large surface area. In addrtion. there are problems in that the use of an insoluble 
inorganic fine powder as a mixing-promotor. generally, results not only in the disadvantage off cost, but also in the for- 
mation of dust from the insoluble inorganic fine powder or in the deterioration of the granulation strength or the physical 

properties.. . * ^ 

The present inventors found that there are problems in that even if water-absorbent resin powders are granulated 
using conventional granulating machines or metiiods. excellent absorption properties as expected cannot be main- 
tained in final products, protjably, due to destruction of granulation in conveyance steps of the water-absorbent resins 
15 or in processing steps to tiie final products (for example, paper diapers). 

Furthermore, tiie inventors found tiiat ttiere might been seen physical property deteriorations, such as lowering of 
the absorption speed, increasing of water-soluble components as impurities, or lowering of the absorption capacity 
under a load, as a result of regeneration of fine powders due to tfie above-mentioned destruction of granulation, and 
furtiier ttiat on tiie otiier hand, the inherent properties of tiie water-absorbent resin deteriorate when a granulation 
sfrength is increased by increasing the amount of an aqueous liquid, which is a binder, for tine purpose of avoiding tiie 
destruction of granulation. 

For example, fluidized-bed type mixers (EP 0318989) or high-speed stirring type mixers (USP 5.140.076). as con- 
ventionally used for granulation, provide inferior results in ttiat tiie amount of an aqueous liquid as added to a water- 
absorbent resin powvder is only several % up to at most 30 %, and that it is very difficult to continuously and stably make 
25 granulation with the amount of tiie addition over 30%. 

Furtiiermore. as to the conventional granulation mettiods. in ttie case where the amount of tiie addition of tiie aque- 
ous liquid is larger tiian 30 %. tiie mixing of the aqueous liquid and tiie water-absorbent resin powder is extremely non- 
uniform, and tiie physical-property deterioration or particle destruction occurs due to ttie non-uniform addition of tiie 
aqueous liquid. Thus, tiiere is a limitation in the amount of the addition of the aqueous liquid for improving tiie granula- 

30 tion strength. ,. 

In addition, by ttie present inventors' study, it was found that: mixers witti great kneading power, as conventionally 
used as means ottier than granulation, such as shearing mixers (EP 041 7761 ) and Nauta type mixers, relatively fecOi- 
tate ttie addition of ttie aqueous liquid, but provide inferior results in ttiat a mixture resultant from ttie addition of tiie 
aqueous liquid does not form a granule, but merely fomis a united large mass of a gel. and ttiat ttie \rater-absorbent 

35 resinitself IS deteriorated due to the shearing force of ttie mixers. 

In addition, ttie present inventors further found that conventional processes, such as a process comprising granu- 
lation after crosslinking ttie surface neighbortiood of a water-at»sorbent resin and a process comprising ttie simultane- 
ous steps of ttie granulation and ttie surface-crosslinking of ttie water-absorbent resin, inevitably involve surface- 
crosslinking fracture due to the granulation, in ottier words, that water-absorbent resin compositions as obtained by tiie 

40 conventional granulation processes can bear only a low load off at most about 20 g/cm^ because of ttie fracture due to 
the granulation and display only a low absorption capacity of ten and several g/g under a high load of 50 g/cm . 

In addition, ttie present inventors further found that a water-absorbent resin primary particle alone, as obtained by 
removing ttie fine powder by classification, is not only economically disadvantageous because of tiie removal of ttie fine 
powder, but also slow in water absorption speed because of its small surface area, and furttier that a granule partide 

45 alone involves complicated process steps and is inferior because off factors such as gel fracture. 

SUMAAARY OF THE INVENTION 

A. OBJECTS OF THE INVENTION 

so 

Thus, ttie present invention has been made considering ttie above-mentioned prior-art problems, and has an object 
to provide a water-absorbent resin granule and a composition containing it witti resolution of ttie above-mentioned var- 
ious prior-art problems, as caused by ttie water-absorbent resin fine powder, and with high granulation strengtti, and 
witti no physical property deterioration due to granulation, and, if anyttiing. with improvement of tiie absorption capacity 
55 under a load by granulation. 
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B. DISCLOSURE OF THE INVENTION 

The present inventors made investigations in order to resolve the above-mentioned protrfems, as caused by the 
water-al3sort)ent resin if Ine powder, and to increase the granulation strength of the water-absorbent resin, and to remove 
5 the physical property deterioration which might be caused by granulation, and further to obtain a water-absorbent resin 
granule with physical properties better than conventional ones by aggressively usirig the fine powder. Consequently, the 
Inventors accomplished the present invention by finding that a water-absorbent resin granule witii excellent properties 
can be produced whenever ttie below-mentioned constitutions are satisfied in a process for producing a water-absorb- 
ent resin granule by mixing a water-absorbent resin with an aqueous liquid, and further that it is also necessary to con- 
10 trive tiie timing of ttie surface-aosslinking. 

Thus, to resolve the above problems, a water-absorbent resin composition, according to an embodiment of the 
present invention; comprises a product by surface-crosslinking a mixture of a wat€r-at>sorbent resin primary particle 
and a water-absorbent resin granule. 

A water-absorbent resin composition, according to anotiier embodiment of the present invention, comprises a mix- 
75 ture of a surface-aosslinked product of a water-absorbent resin primary partide and a surface-crosslinked product of a 
water-absorljent resin granule. 

A water-absorbent resin composition, according to further another embodiment of the present invention, comprises 
a mixture of a water-absortjent resin primary particle and a water-absorbent resin granule and has an absorption 
capacity of at least 25 g/g for a physiological salt solution under a load of 50 g/cm^. 
so A process for producing a water-absorbent resin composition, according to an emtxxiiment of the present inven- 
tion, comprises the step of adding a crosslinWng agent to a mixture of a water-absorbent resin primary particle and a 
water*absort^nt resin granule, tiius crosslinWng the surface neighk)orhood of the mixture. 

A process for producing a water-absorbent resin compositfon, according to anotiier embodiment of the present 
invention, comprises the step of mixing a surface-crosslinked product of a water-absort)ent resin primary partide and a 
25 surface-crosslinked product of a water-absorbent resin granule. 

A process for produdng a water-absorbent resin granule, according to an enrtoodiment of the present invention, 
comprises the step of mixing a water-absorbent resin powder with a preheated aqueous liquid at a high speed, thus 
obtaining a water-absorioent resin granule. 

A process for producing a water-absorbent resin granule, according to another emIxxJiment of the present inven- 
30 tion, comprises the steps of: sillying a water-absoibent resin powder and an aqueous liquid into a continuous extru- 
sion mixer having a plurality of supplying-inlets along an an^angement of stining-mentoers, wherein ttie water-absort>ent 
resin powder is supplied dowvnstream of tiie aqueouis liquid; and mixing tiie water-absorbent resin powder and the aque- 
ous liquid in tiie continuous extrusion mixer, thus continuously granulating tiie water-absorbent resin powder (hereinaf- 
ter, this process might be referred to as "continuous granulation process" or 'process for continuously granulating"). 
35 These and other objects and the advantages of tiie present invention will be more fully apparent from tiie following 
detailed disdosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 Rg. 1 illustrates a measurement apparatus for tiie water absorption capadty under a load as used in the present 

invention. 

Fig 2 is a section illustrating an embodiment of continuous extrusion mixers as induded in production apparatuses 
as used in granulation method (b) for water-at>sort5€rrt resins in the present invention. 

Rg. 3 is a section illustrating another embodiment of the above continuous extrusion mixers. 
45 Pig. 4 is a schematic front view of a continuous extrusion mixer as used to continuously granulate a water-absort>- 
ent resin powder in accordance with an embodiment of tiie present invention continuous granulation process. 
Rg. 5 is a structural view illustrating the continuous extrusion mixer of Fig. 4 with a portion thereof sectional. 
Rg. 6 is a section of the continuous extrusion mixer as cut along the A-A' arrow line in Rg. 4. 
Rg. 7 is a flow chart of production process steps including the granulation of the water-absorbent resin powder. 
so Rg. 8 illustrates examples of granufators as used in the present invention process for producing a water-absorbent 
resin granule. 

DETAILED DESCRIPTION OF THE INVENTION 

55 Hereinafter, the present invention is explained in detail. 

Rrst an explanation is made on a process for producing a water-absorbent resin powder which is used in tiie 
present invention. 

As to the water-absofi)ent resin powder as used in tiie present invention, a wide range of conventional water- 
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absorbent resin powders are available, and among them, particularly, those which possess a carboxyl group are pref- 
erable. The usable water-absorbent resin powder is a powder of conventional water-absorbent resins which are typi- 
cally obtained by polymerizing and crosslinkng hydrophilic monomers comprising a major proportion of either or both 
of acrylic add and its salt, and form a hydrogel in water due to the absorption of as large an amount of water as 50 to 
5 3,000 times of themselves. In addition, as to the above-mentioned water-absorbent resins as used, the water-sduWe 
content therein is hot larger than 25 % by weight, preferably, not larger than 15 % by weight, and more preferably, not 
larger than 10 % by weight 

Examples of the acrylic acid salt, as described above, include alkaline metal salts, ammonium salt and amine salts 
of acrylic add. The above-mentioned water-absorbent resin preferably comprises acrylic add of 10 to 40 mol % and 
10 acrylic add salt of 60 to 90 mol % (wherein their total is 1 00 mol %). The neutralization of acrylic add or its polymercan 
be performed in the monomer form, or in the middle of polymerization, or after polyme^^^^ 

When the water^absoibent resin is obtained by polymerizing the hydrophilic monomers comprising a major propor- 
tion of either or both of acrylic acid and its salt the hydrophinc monomers are permitied to include monomers other than 
acrylic acid along with the acrylic add or its salt 
15 The monomers other than acrylic acid are hot especially limited, kxjt examples thereof include: anionic unsaturated 
monomers, such as methacrylic acid, maleic acid, vinylsuHbnic acid, styrenesulfonic acid. 2-(meth)acryiamido-2-meth- 
ylpropanesulfonic acid. 2-(meth)acryloyIelhanesulfonic acid, and 2H(meth)acryloylpropanesulfonic add, and their salts; 
nonionic unsaturated monomers containing hydrophilic groups, such as acrylamide, methacrylamide. N-ethyl(meth)acr- 
ylamide. N-n-propyl(meth)acrylamide. N-isopropyl(meth)acrylamide, N.N-dimethy!(meth)acrylamide, 2'hydroxyethyl 
20 {meth)acrylate. 2-hydroxypropyl (meth)acrylate. methoxypolyethylene glycol {meth)acrylate. polyethylene glycol 
mono(meth)acrylate. vinylpyridine, N-vinylpyrrolidone, N-acryloylpiperidine, and N-acryloylpyrrolidine; and cationic 
unsaturated monomers such as N.N-dlmelhylaminoethyl (meth)acrylate, N.N-diethylaminoethyl (meth)acrylate, N.N- 
dimethylaminopropyl (meth)acrylate, N.N-dimethylaminopropyi (meth)acrylamide. and. their quaternary salts. These 
monomers may be used either abne or in combinations of at least two thereof litly. 
25 In the present invention, when using the monomers other than acrylic add. the proportion of the monomers other 

than acrylic add is preferably not higher than 30 mol %. more preferably, not higher than 10 mol %. of tfie total amount 
of acrylic add and its salt as are used as the main components. 

When the hydrophilic monomers comprising a major proportion of either or both of acrylic acid and its salt are 
polymerized to give the water-absorbent resin as used in the present invention, bulk polymerization or predpitation 
30 polymerization can be performed, but it is preferable to perform aqueous solution polymerization or reversed-phase 
suspension polymerization using an aqueous solution of the above-mentioned hydrophilic monomers in view of the 
good perfornriance achievement or the easiness in controlling the polymerization. 

Incidentally, where the above-mentioned hydrophilic monomers are used in the form of an aqueous solution thereof 
(hereinafter referred to as "aqueous monomer sdution"), although not specifically limited, the concentration of the mon- 
35 omefs in the aqueous monomer solution is preferably in the range of 1 0 to 70 % by weight, more preferably. 20 to 40 % 
by weight. In addition, in the case of the above-mentioned ac^us solution polymerization or reversed-phase suspen- 
sion polymerization, solvents other than water may be used together with water if need arises, and the solvents used 
together is not specifically limited. 

When the above-mentioned polymerization is initiated, the following radical polymerization initiators, for example. 
40 can be used: potassium persulfate, ammonium persulfete, sodium persulfate, t-butyl hydroperoxide, hydrogen peroxide, 
and 2,2'-azobis(2-aminodipropane) dihydrbchloride. 

Furthermore, it is possible to use a redox initiator as formed by combining with the polymerization initiator a reduc- 
ing agent which accelerates the decomposition of the initiator. Examples of the redudng agent include: sulfurous add 
or (bi)sulfites such as sodium sulfite and sodium hydrogen sulfite; L-ascorbic acid (or its salts); redudble metals (or its 
45 sans) such as ferrous salts; and amines. However, the redudng agent is not specifically fimited. 

The amount of the polymerization initiator as used is not spedfteally limited, but is usually in the range of 0.001 to 
2 mol %, preferably 0.01 to 0.5 mol %, of the monomer. In the case where the amount of the initiator is smaller than 
0.001 mol %. the amount of unreacted monomers increases, so the amount of residual monomers in the resultant 
water-absorbent resin unfavorably increases. On the other hand, in the case where the amount of the initiator as used 
so exceeds 2 mol %. the water-soluble content in the resultant water-absorbent resin unfavorably increases, and this is 
also unpreferable. 

In addition, instead of using the polymerization Initiator, irradiation of active energy rays such as radiations, electron 
rays, and ultraviolet rays to the reaction system may be utilized for the polymerization reaction. Incidentally, although 
not specifically limited, the reaction temperature in the above-mentioned polymerization reaction is preferably in the 
65 range of 20 to 90 "C. The reaction period of time is not specifically United, either, and it may be determined fitly depend- 
ing on factors such as the type of the hydrophilic monomer or polymerization initiator or the reaction temperature. 

The water-absorbent resin, used in the present invention, may be a self-crosslinWng type which does not need any 
crossllhking agent, but preferable ones are those which are obtained by a copolymerization or reaction with an internal 
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crosslinkihg agent having, per molecule thereof, at least two polymerlziable unsaturated groups or at least two r^ctive 
groups. 

Specified examples of the Internal crosslinking agent indude N,N-methylenebis(meth)acrylamide. (poly)ethylene 
glycol (meth)acrylate. (poly)propylene glycol di(meth)acrylate. trimethylclpropane tri(meth)acrylate. glycerol 
tri(meth)acryfate, glycerol aaylate methaaylate. ethylene oxide-denatured trimethylolpropane tri(meth)acrylate. pen- 
taerythritol hexa(meth)acrylate. triallyl cyanurata triallyl isocyanurate. triallyl phosphate, triallylamine, poly(meth)aHy- 
loxyalkanes. (poly)ethylene glycol diglyddyl ether, glycerol diglycldyl ether, ethylene glycol, polyethylene glycd. 
propylene glycol, glycerin, pentaerythritol. ethylenediamine. ethylene. cart)onate. propylene carbonate, polyethylen- 
imlne. glycidyl (meth)acrylate. 

These internal crosslinking agents may be used either alone or in combinations of at least two thereof fitly. In addi- 
tion, these internal crosslinking agents may be added to the reaction system either collectively or separately. In the case 
of using at least two internal crosslinking agents, it is preferable to never fcul to use a compound possessing at least two 
pdymerizable unsaturated groups under consideration of the absorption properties of the resultant water-absorbent 
resin. The amount of the internal crosslinking agent, as used, is preferably in the range of 0.005 to 2 mol %, more pref- 
erably. 0.0 1 to 1 mol %, of the above-mentioned monomer component. In the case where the amount of the above-men- 
tioned internal crosslinking agent as used is smaller than 0.005 mol % or larger than 2 mol %, a water-absorbertt resin 
with desired absorption properties might not be obtained. 

When a crossiinked structure is introduced into the water-absorbent resin using the internal crosslinking agent, the 
internal crosslinking agent may be added into the reaction system during or after the polymerization of the monomer 
conponent. or after the polymerization and the neutralization of the monomer component 

When carrying out the polymerization, the following materials may be added to the reaction s^^em: inert gases 
such as nitrogen; foaming agents such as (hydrogen) carbonates. carlDon dioxide, azo compounds, and inert organic 
solvents; hydrophilic polymers such as starch-cellulose, derivatives of starch-cellulose, polyvinyl alcohol, polyacrylic 
acid (or its salts), and crossiinked polyacrylic add (or its salts): surface-active agents; and chain transfer agents such 
as hypophosphorous acid (or its salts). 

In the case where the polymer as obtained by the above polymerization reaction is gelatinous, this gelatinous pol- 
ymer is dried and then, if necessary, pulverized, thus obtaining the water-absorbent resin powder as used in the present 
invention. 

Next, in the present invention, the water-absorbent resin primary particle and the water-absorbent resin granule are 
obtained using the resultant water-absorbent resin powder. 

The water-absorbent resin primary particle, used as one of the raw materials in the present invention, is a substan- 
tially ungranulated water-absorbent resin powder, and is a single particle or the like which not a little force is needed for 
breaking, for example, which does not break due to classification or conveyance operations. It is enough that the water- 
absorbent resin primary particle in the present invention is particulate to such a degree that the object of the present 
Invention can be achieved, and the size of the water-absorbent resin primary particle is not especially limited. If the 
water absorption properties of the resultant water-absorbent resin composition is considered, the average particle 
diameter of the water-absorbent resin primary particle is in the range of. preferably. 1 50 to 800 \im. more preferably, 200 
to 600 ^m, and further preferably the water-absorbent resin primary particle contains substantially no particle larger 
than 1 .000 JUT). In the case where the average particle diameter of the water-absorbent resin primary particle is smaller 
than 1 50 >im. the liquid permeability of the resultant water-absorbent resin composition tends to be poor, and in the 
case where the average particle diameter of the water-absort>ent resin primary particle is larga- than 800 pm, the 
atjsorption speed tends to be low. In addition, in the case where tiie particle diameter of the water-al)Sorbent resin pri- 
mary particle is too large, when used for sanitary materials the resultant water-absorbent resin composition might give 
a physical feeling of sometiiing foreign to users of the sanitary materials. Thus, tiie water-absorbent resin primary par- 
ticle has a particle diameter of. preferably. 850 to 105 jim, more preferably. 850 to 150 ^m, particulariy preferably, 710 
to 150 Kim. 

In addition, it is enough that tiie water-absoriDent resin granule, used as the otiier raw material in tiie present inven- 
tion, is particulate to such a degree that tiie object of tiie present invention can be achieved, and the size of the water- 
absorbent resin primary particle is not espedally limited. If tiie water absorption properties of the resultant water- 
alDSorbent resin composition is considered, tiie average particle diameter of tiie granule is in tiie range of. preferably, 
150 to 800 nm. more preferably. 200 to 600 ^m. and further preferably, ttie granule contains substantially no particle 
larger than 1 .000 ^m. In ttie case where the average partide diameter of the granule is smaller than 150 nm. the liquid 
pa-meability of the resultant water-absorbent resin composition tends to be poor, and in the case where the average 
partide diameter of the granule is larger tiian 800 nm. tiie absorption speed tends to be low. In addition, in the case 
where the partide diameter of the granule is too large, when used as an absortwng agent of sanitary materials ttie 
resultant water-absorbent resin composition might give a physical feeling of sometiiing foreign to users off ttie sanitary 
materials. 

The water-absorbent resin powder, as used as a raw material for the granule in the present invention, may be any 



6 



. <EP 088591 7A2_L> 



EP 0 885 917 A2 



form crfthefol!cwing:only a finepowderof awrf^^ (for example, consisting of particles having a particle 

diameter of not larger than 150 ^lm); a mixture (for example, particles having a particle diameter of not larger than 850 
nm as a whole, including particles of not larger than 1 50 jun) of the f ine powder and larger partides therethan (for exam- 
ple, particles having a particle diameter of not smaller than 150 nm); a f ine-powder-free water-absorl>ent resin (for 

5 example, consisting of particles having a particle diameter of 150 iim to 850 \im kxjth inclusive). Furthermore, the usa- 
ble fine powder may be a classified and removed one from mixtures in production steps, or, for the purpose of attaining 
a high absorption speed, the usable fine powder may be such as obtained alone by intentional adjustment of pulveriza- 
tion or polymerization conditions. , 

Among these \A«ter-absort5ent resin powders, the fine powder of the vyater-absorbent resin is preferably used as a 

10 raw material for the water-absoilDenI resin granule. The average particle diameter of the fine powder is preferably in the . 
range of 150 to 10 nm, and the content of particles with a particle diameter of substantially not larger than 150 >im in 
the fine powder is preferably not lower than 70 % by weight, and more preferably, hot lower than 90 % by weight As to 
the shape of the fine powder, from the viewpoint of the granulation strength, an irregular shape as formed by aqueous 
solution polymerization is preferred to a spherical shape as formed by reversed-phase suspension polymerization. Fur- 

15 thermore, fine powders which have not yet been subjected to surface-crosslinWng treatment is more preferable. Fur- 
thermore, it is preferable that the fine powder of the water-absorbent resin is a product from classification of the water- 
absorbent resin primary particle. 

Various polymers, such as polyanion (e.g., polyethylenimine) and nonibn, and polyhydric alcohols, such as glyc- 
erol, can also be used as granulation binders for obtaining the water-absoibent resin granule in the present invention, 

20 but, in view of physical properties or safety, it is preferable that the granulation is can-ied out using a binder comprising 
an aqueous liquid as an essential component. The method for obtaining the water-absofbent resin granule using the 
aqueous liquid in the present invention is not especially limited, but examples thereof include tumbling granulation 
methods, compression type granulation methods, stimng type granulation methods, extrusion granulation methods, 
pulverization type granulation methods, fluidized-bed granulation methods, spray drying granulation methods. Among 

25 these granulation methods, the stirring type ones can be used most conveniently The apparatus, as used to perform 
such methods, may be erther a oontinuous or batch type, each including a tower type and a sideways type. Examples 
of the tower type continuous granulator include Spiral Pin Mixer made by Pacific Machinery & Engineering Co., Lid. 
(Fig. 8 (a)) and Flow Jet Mixer made by Funken Powtex (Fig. 8 (b)). Examples of the sideways type continuous granu- 
lator include Annular Layer Mixer made by Draiswerke GmbH. Examples of tiie tower type batch granulator inclwJe 

30 Henschel mixer made by Mitsui Kbzan K.K. (Fig. 8 (c)) and Turtx) Sphere Mixer made by Moritz (Fig. 8 (d)). Examples 
of the sideways type batch granulator Include LAfige Mixer made by Qebruder LOdige Maschinenbau GmbH (Fig. 8 (e)) 
and Gericke Multi-Flux Mixer made by Gericke GmbH (Fig. 8 (f)). 

The amount of the aqueous liquid, as used, is preferably not smaller than about 1 part by weight, more preferably, 
in the range of about 2 to about 280 parts by weight, per 100 parts by weight of the water-absorbent resin powder. In 

35 the case where the amount of the aqueous liquid, as used, is too small, granulation failures easily occur, and therefore 
the object of the present invention might not be achieved. 

Especially, in the case where as large an amount as 80 to 280 parts by weight of the aqueous liquid is mixed to 
further improve the granulation strength or the absorption capadty under a load, a granulation method as preferably 
used among the above-mentioned ones in view of good mixing-ability is eitiier or both of (a) a metiiod in which the 

40 aqueous liquid is preheated prior to mixing and then the granulation is carried out and (b) a method in which the gran- 
ulation is carried out using a specific mixer. 

In ttie present invention, specifically, a preferable water-absorbent resin granule is either or both of (a) a granule as 
obtained by a process conprising the step of mixing a preheated aqueous liquid into a water-absoriDent resin powder 
at a high speed, and (b) a granule as obtained by a process in which a water-absortDent resin powder and an aqueous 

45 liquid are mixed by an addbig and mixing method using a high-speed-stining type continuous exb-usion mixer including 
a plurality of impellers ai'ound a rotary shaft in a fixed cylinder, wherein the mixer is operated such that the water- 
absorbent resin is supplied into an area where a plurality of first impellers, as shaped to generate an extrusion thrust, 
are janrahged. and that tiie aqueous liquid is supplied into an area where a plurality of second impellers, as shaped to 
generate an extrusion tiirust smaller than that by the first inrpellers. are an-anged on the discharge side of the first impel- 
so lers. tiius mixing tfie water-absorbent resin and the aqueous liquid. 

The aforementioned granulation is known as one of conventional methods for combining a plurality of water- 
absorbent resin powders witii each other to form a particle, and water or the aqueous liquid is often used as tiie binder 
in those conventional methods. However, even if high-speed agitation type mixers (preceding USP 5,002.986 and 
4.734.478). specific spray continuous granulators (USP 5.369. 148). fluidized beds (EP 0318989). or tiie like are used 

55 in those conventional metiiods. the amount of water as added was merely at most around 30 parts by weight, even 
including non-uniform aggregates, per 100 parts by weight of the water-absorbent resin in view of the mixing-ability of 
water. In tiie case where tiie amount of the aqueous liquid is small, the resultant granulation strength is insufficient, so 
tiie object of tiie present invention is difficult to achieve. 
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In addition, a method in which mixingiDromotors such as insoluble inorganic powders or water-soluble polymers 
are used to Improve the mixing-ability of water in the granulation (EP 064424) still gives non-uniform mixing, and further, 
the use of the mixing-promotors rather deteriorates the granulation strength or the physical pro^ 

A process in which a hydrogel is produced frcim a water-absorbent resin and then kneaded and pulverized in 

5 sequence was also proposed as another process not according to the process In which a particulate water-absoitent 
resin granule of a plurality of particles is directly obtained by mixing a water-absorbent resin powder with an aqueous 
liquid. However, such a prior art process has problems in that, for exanrple, In the case where a shearing mixer (EP 
041 7761) or a Nauta type mixer is used to mix the above-mentioned fine powder with the aqueous liquid, even the addi- 
tion and mixing of water over lOOpartsby weight is possible due to the strong shearing force of the nrtixer, but the 

10 der is merely united and therefore is not particulated, and further, in the c^e where the kneading is carried out with too 
strong force, the water-absorbent resin is deteriorated due to the shearing force of such Kneading. 

Accordingly, ibr improving the graruilation strength of the water-absorbent resin granule without deteriorating the 
physical properties thereof, it is important to set the amount of the aqueous liquid, as added, relative to the water- 
absoibent resin within a predetermined range and further to directly obtain a particulate water-absorbent resin granule. 

15 Incidentally, ""to directly obtain a particulate water-absorfc)ent resin granule" is not a process in which a united gel Is 
obtained by. for example, kneading and the resultant huge gel is then pulverized or finely divkled. but to obtain a partic- 
ulate water-absorbent resin with a specific particle size by aggregating a plurality of water-absoriDent resin powders. 

In addition, there is also a proposed process In which a water-absorbent resin powder and an aqueous liquid are 
mixed by kneading to form an amorphous gel, and the resultant gel is then pulverized. However, such a prior art process 

20 has problems in that in the case where a shearing mixer (EP 041 7761 ) or a Nauta type mixer (USP 4.950.692) is used 
to mix the water-absori^ent resin fine powder with the aqueous liquid, the water-absorbent resin is deteriorated due to 
the strong shearing force of the mixer. Accordingly, for improving the granulation strength or the pliysical properties, it 
Is Important to directly ot>tain a water-absorbent resin granule by making a granulation In a short time by mixing the 
water-at)sorbent resin powder with the aqueous liquid. 

25 Incidentally, "to directly obtain a water-at>sorbent resin granule" is not a process in which a united gel mass is 
obtained by. for example, kneading and the resultant huge gel mass is then pulverized or finely divided, but to obtain a 
particulate water-absorbent resin granule with a specific particle size by aggregating a plurality of water-absorbent resin 
powders. 

Because the heated aqueous liquid is used, it is possible to mix a water-at^sorbent resin powder with an ^ueous 
30 liquid homogeneously without kneading them and further without using any nrdxlng-promotor which causes physical 
property deterioration. In addition, because the heated aqueous liquid is used, a particulate aggregate with an appro- 
priate particle size, as formed by aggregation of respective water-absorbent resin particles, tiiat is, the water-absorbent 
resin granule favorable for the present invention, can be produced. 

The formation of the granule can be confirmed by observing with an optical microscope a fact that a plurality of 
35 respective particles are aggregated to cohere witii their particle shapes kept or by observing a fact that respective par- 
ticles swell as a plurality of discontinuous particles when absoriDing a liquid. 

In tiie present invention, it is further preferable to use either or both of (a) the foregoing metiiod in which tiie aque- 
ous liquid is preheated prior to mixing and then the granulation Is carried out. and (b) the foregoing method in which the 
granulation is canied out using a specific mixer, tjecause, for the first time, tiiese methods can give a particulate water- 
40 absorbent resin granule, comprising substantially water and the fine powder, witiiout using any ntixing-promotor, as 
conventionally used for granulation, and without carrying out the gel pulverization as conventionally used as a means 
other than granulation. 

Examples of the aqueous liquid, as used for the granulation, include water, aqueous solutions containing 
hydrophilic organk; solvents as described hereinafter, and heated water containing a small amount of crossllnking 

45 agents. In tiiis case, usable crossllnking agents include suriace-crosslinking agents with types and amounts as 
described hereinafter. The joint use of the crossllnking agent with the aqueous liquki sometimes make it possible to 
decrease the water-soluble content or further improve the granulation strength. 

Hereinafter, a further explanation is made on the method (a) above in which tiie aqueous liqukJ is preheated prior 
to mixing and tiien the granulation is candied out. 

so The heating tenrperature of tiie aqueous liquid is. usually, not lower than 40 ^'C. preferably, not lower tiian 50 **C, 
more preferably, not lower than 60 ''C, still more preferably, not lower tiian 70 **C- The upper limit tfiereof is not higher 
than the boiling point of the aqueous liquid, and it is usually not higher than 100 ''C because no remarkable change is 
made even above 1 00 **C, while the boiling point may be variously controlled by adding salts or otfier solvents or chang- 
ing factors such as pressure (deaeasing or increasing tiie pressure). 

ss Unless tiie aqueous liquid is heated in advance before mixing, the water-absorbent resin granule comprising a plu- 
rality of water-absorbent resin powders is difficult to obtain by a process in which tine water-absorbent resin powder is 
mixed witii tiie aqueous liquid, and consequently, it is impossible to control the particle diameter of tiie resultant water- 
absort>ent resin granule, and in adcfition. in tiie c^ where the amount of the aqueous liquid as added is large, the 
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r^ltant water-absorbent resin granule is a united large gelatinous one. and it is imposisible to actually isolate and han- 
dle it as a granulated product, and furthermore, there are problems in that the water-absortsent resin itself is degraded 
due to cutting-cff or twining of main chains as caused by the requirement of high mixing-power or by a kneaded state 
of the resultant gelatinous mass (incidentally, such problems can othenwise be solved by the below-mentioned granu- 
lation method (b) as welO. 

On the other hand, if a simple method of heating the aqueous liquid in advance before mixing is carried out. the 
water-absorbent resin granule comprising a plurality of water-absorbent resin powders can be obtained by mixing tfie 
water-absorb^ resin powder with the aqueous liquid without needing any special mixer or any pulverizer to pulverize 
the united gelatinous substance separately, incidentally, the water-absorbent resin granule, as referred to in the present 
invention, comprises a plurality of water-absorbent resin powders and has a partide diameter as the granule of not 
larger than 20 mm, preferably, in the range of 0.3 to 10 mm. and more preferably. 0.3 to 5 mm. In addition, the water- 
absorbent resin granule, as refen-ed to in the present invention, is a generic name of water-containing or dry granules, 
and further, a product as obtained by drying the water-absorbent resin granule might othenwise be refen-ed to as water- 
absorbent resin granule-dried matter with a water content of not more than 10 % by weight. 

For obtaining the water-absorbent resin granule to accomplish the object of the present invention, it is preferable to 
preheat the water-absoibent resin powder as well as the aqueous liquid. The heating temperature of the water-absorb- 
ent resin powder in the present invention Is. usually, not lower than 40 «C, preferably, not lower than 50 ''C. and. usually, 
not higher than 1 00 *C because no remarkable change is made even above 1 00 *»C. 

In the present invention, the aqueous liquid to be mixed with the water-absorbent resin powder is not specif icafly 
limited, but examples of the aqueous Kquid include water and aqueous liquids containing water-soluble salts or 
hydrophilic organic solvents. The water content in the aqueous liquid is preferably not less than 90 % by weight, more 
preferably, not less than 99 % by weight, still more preferably, in the range of 99 to 100 % by weight, and particularly 
preferably! 100 % by weight, from the viewpoint of factors such as physical properties, granulation strength, efficiency, 
safety, and production cost. . ^ * n 

The amount off the aqueous liquid, as used. is. usually, not smaller than 1 part by weight, preferably, not smaller 
than 5 parts by weight, but. in view of granulation strength, preferably in the range of 80 to 280 parts by weight, per 1 00 
parts by weight of the water-absorbent resin powder. In the case where the amount of the aqueous liquid as used 
exceeds 280 parts by weight, the resultant water-absorkjent resin granule is difficult to actually handle as the granule, 
and further there are disadvantages from a viewpoint of the cost for drying. On the other hand, in the case where the 
amount of the aqueous liquid, as used, is smaller than 80 parts by weight, the granulation strength might be insufficient, 
and the resultant final product might therefore not be able to display excellent properties, and further there is a possi- 
bility that any granule could not be obtained due to non-uniform mixing. . 

The high-speed mixing of the heated aqueous liquid wHh the water-absorbent resin powder is preferable. The high- 
speed mixing denotes that the period of time for completion of mixing the aqueous liquid with the water-absorbent resin 
powder and formation of the water-absorbent resin granule is short The period of time from the contact between the 
aqueous liquid and the water-absorbent resin powder till the formation of the water-absorbent resin granule, that is. the 
mixing period of time, is short, The mixing period of time is preferably not longer than 3 minutes, more prderably. not 
longer than 1 minute, and most preferably, in the range of 1 to 60 seconds. 

In the case where the mixing period of time is long, it is difficult to homogeneously mix the aqueous liquid with the 
40 water-absorbent resin powder, resulting in a fomnation of a large aggregate, and consequently, it is impossible to obtain 
the water-absorbent resin granule which is an object of the present invention. Furthennore, In the case where the stir- 
ring is continued for a long time after the completion of the mixing, the water-absorbent resin might involve the deterio- 
ration thereof such as an increase of the water-soluble content and a deaease of the absorption capacity under a load. 

If the above-mentioned high-speed mixing can be achieved, the mixer as used therefor is not specHically limited, 
but preferable ones are vessel-fixing type mixers, particularly, mechanical-stirring type mixers. Examples of thereof 
include Turbulizer (made by Hosokawa Mikron Co., Ltd.), Ladige Mixer (made by GebrOder LOdige Maschinenbau 
GmbH), a mortar mixer (made by Nishi Nihon ShikenW K.K.), Henschel mixer (made by t^Hsui tozan K.K.). Turbo 
Sphere Mixer (made by Moritz), and Gericke Murti-Flux Mixer (made by Gericke GmbH). The mixer as used may be 
either a batch-type mixer or a continuous-type mixer. 

Next, an explanation is made on the method (b) above in which the granulation is carried out using a specific mixer. 
The specific mixer, as used in the method (b). is a continuous extrusion mixer as illustrated in JP-A-09-235378. and 
impellers as provided to this mixer conprise at least two kinds of impellers off diffferent shapes, so the mixing is carried 
out in at least two agitation states. As a result the water-absorbent resin powder is mixed with the heated aqueous liq- 
uid rrrore efficiently, and further uniform mixing can be ensured. 

In addition, the plurality of impellers in the continuous extrusion mixer, as illustrated in JP-A-09-235378. are. pref- 
erably spirally arranged in sequence, whereby an extrusion thrust can sufficiently be ensured and further the water- 
absorbent resin powder or the composite thereof can smoothly be extruded. In addition, preferably, a plurality of furst 
impellers and a plurality off second inpellers are arranged in sequence around a rotary shaft in the above-mentioned 
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. continuous extruision mixer, wherein the first impellers are set on the material-supplying side and shaped to generate 
an extrusion thojst. and the second impellers are set on the discharge side of the first impellers and shaped to generate 
an extrusion thrust smaller than that by the first impellers. Specif ically, the first impellers give the water-absorbent resin 
powder and the heated aqueous liquid a sufficient extrusion thrust into the continuous extrusion mixer, and next, the 

5 second impelle-s reduce the extrusion thmst to smaller than that by the first inpellers, so that the mixing-stinring time 
can sufficiently be obtained to sufficiently carry out the mixing. Therefore, the water-absort)ent resin powder can be 
mixed with the (heated) aqueous liquid sufficiently uniformly In addition, the above-mentioned continuous extrusion 
mixer preferably has such a structure that the water-absorioent resin powder is supplied and charged into an area where 
the first Impellers are arranged, and that the aqueous liquid, preferably, the heati?d aqueous liquid, is supplied and 

10 charged into an area where tihe second impellers are arranged: Specifically, the water-absoriDent resin is fed Into the 
continuous extrusion mixer using the first impellers, and next, the aqueous liquid is siflDplied and charged into an area 
where the second impellers are ananged, tiius stirring and mixing ttie water-absorbent resin powder and the aqueous 
liquid at a high speed in a moment Therefore, the waler-absorl>ent resin powder can be mixed witii the aqueous liquid 
suff icientiy uniformly without forming any "f isheye." Furtiienmore. as to the shape of the above-mentioned first Impellers. 

15 the shape of a plate is preferable as tiie shape to generate an extrusion tiirust. and as to the shape of tiie al50ve-men- 
tioned second impellers, the shape of a column is preferable as the shape to reduce the extrusion thrust to smaller tiian 
that by the first inpellers and to thereby ertsure suff ident mixing and stirri 

Incidentally, in the foregoing method (b) in which tiie granulation is earned out using a specific mixer, preferable 
otiier conditions (for example, the particle diameter of tiie granule, the temperature of the water-absorbent resin pow- 

20 der. the type and the anr»unt of the aqueous liquid as used, and the mixing period of time) are tiie same as those in tiie 
foregoing method (a) in whuch the aqueous liquid is preheated prior to mixing and then the granulation is carried out. 
Specifically, tiie particle diameter Is not larger tioan 20 mm, preferably, in the range of 0.3 to 1 0 mm. and more preferably. 
0.3 to 5 mm. The heating temperature of tiie water-absorbent resin powder is, usually, not lower than 40 ''C. preferably, 
not lower than 50 **C. but. usually not higher tfian 100 "C. In addition, the water content in the aqueous liquid is prefer- 

25 aWy not less tiian 90 % by weight, more preferably, not less tiian 99 % by weight, still more preferably, in tiie range of 
99 to 1 00 % by weight, and particularly preferably. 1 00 % by weight. Furtiiermore, the amount of tiie aqueous liquid, as 
used. is. usually, not smaller than 1 part by weight, preferably not smaller tiian 5 parts by weight, and. in view of gran- 
ulation strengtii, particularly preferably in tiie range of 80 to 280 parts by weight, per 100 parts by weight of tiie water- 
al>sorbent resin powder. The mixing period of time is preferably not longer tiian 3 minutes, more preferably, not longer 

30 thani minute, aind most preferably, in the range of 1 to 60 seconds. 

The following water-absoriaerrt resin granules in the present invention can be improved with regard to tiieir granu- 
lation strength by drying tiiem: a water-absortient resin granule as obtained in the above way. particularly, a water- 
absorbent resin granule as obtained by mixing 1 00 parts by weight of the water-absort^ent resin powder with 80 to 280 
parts by weight of ttie aqueous liquid, and further a water-absoriDent resin granule as obtained by either or both of (a) 

35 the foregoing metiiod in which tiie aqueous liquid is preheated prior to mixing and tiien tiie granulation is carried out. 
and (b) ttie foregoing method in which the granulation is candied out using a specific mixer. If ttiese water-absortDent 
resin granules are dried, the fine powder is united more strongly and tiiereby regenerated with as high a strengtii as a 
primary particle. 

Incidentally, examples of ttie aqueous liquid, as used for the foregoing granulation in the present invention, include 

40 water and the below-mentioned hydrophilic organic solvents. Among tiiem, particularly, heated water alone or heated 
water containing a small amount of crosslini<ing agents Is preferable as tiie foregoing aqueous liquid, particulariy, as tiie 
foregoing heated aqueous liquid. In this case, examples of usable crosslinking agents include surface-crosslinking 
agents with types and amounts as described hereinafter. The joint use of tiie crosslinking agent witii the aqueous liquid 
In this way makes it possible to decrease ttie water-soluble content or furttier improve the granulation strength. 

45 The mettiod for drying is not specifically limited, and conventional dryers or ovens are widely used. The drying tem- 
perature is, preferably, relatively high, concretely, In the range of 1 10 to 300 ^'C. more preferably, 120 to 200 *C, still more 
preferably, 150 to 180 *C, because the water-absort>ent resin granule contracts when dried in these tennperature 
ranges, resulting in formation of a sti'ong. dry granule. The drying period of time is preferably not shorter than a certain 
period of time, for example, in tiie range of 5 minutes to 10 hours, in view of physical properties, and, after drying, the 

so solid content is preferably not less ttian 90 % by weight. Incidentally, the dry-treatment may be carried out either for only 
the water-absorbent resin granule, as produced in the present invention, or for a combination off the water-absorbent 
resin granule witii the polymer gel which is obtained by the above-mentioned aqueous solution polymerization or 
reversed-phase suspension polymerization and has not yet been dried. 

The water-absorbent resin granule-dried matter, which is obtained in tiie above way, is a strong granule as con- 

55 traded by drying, but its particle size may be regulated by pulverizing, if necessary. After pulverizing, tiie average par- 
ticle diameter of tiie water-absorbent resin granule-dried matter is in tiie range of. preferably. 150 to 800 tim, more 
preferably, 200 to 600 ^un. In the present invention, it is prisferred that a water-absorbent resin powder, of which at least 
70 % by weight has a particle diameter of not larger tfian 1 50 fim (but on average, for example, not larger ttian 1 00 ^m) , 
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is granulated Sid as to have an average particle disuneter of 150 to 600 Mm. 

It Is preferaible to subject the pulverization-classification product of the water-absoit>ent resin granule, as obtained 

in the above way, to the below-mentioned surface neighborhood crosslinWng treatment Specifically, it is preferable to 

carry out the following process steps: a water-absatoert resin granule is produced from a water-absorbent resin fine 

s powder by the above-mentioned granulation process of the present invention, and then a water-absorbent "^esin witti 

only a small content of the fine powder is produced by maWng a dry granule with an average particle diameter of 20O 

to 800 (im from the above-dtrtained waler-absoitjent resin granule, and then surface^rosslinked, thus obtaining a 

water-absorbent resm compbsitioh. 

The following is a further explanation aboirt the surface-crosslinking in the presert inventto^^^ 

10 In the present invention, the raUo by weight of the water-absorbent resin primary partide to the water-absorbent 
resin granule in the mixture of both is in the range of 98/2 to 2/98. preferably. 95/5 to 40/60. If a crosslinWng agent is 
added to the mixture having the ratio by weight between the above materials within the above-mentioned range to 
thereby further crosslink the surface neighborhood of the nnxlure. then the water-absorbent resin composition with high 
granulation strength and high absorption capacity under a load, fitting the object of the present Invention, can t>e 

IS obtained. « 

Too high a ratio of the water-absorbent resin granule involves granule particle fracture and too fast water absorpton 
speed and thus merely provides unsafisfactory results, or otherwise, too low a ratio of the water-absorbent resin gran- 
ule renders the water absorption speed of the composition insufficient Oncidentally. the particle mixture of the water- 
absort>ent resin primary particle and the water-absorbent resin granule is h^r^nafler abbreviated as "water-absoibent 

so resin particle ntixture")- j.^. . ■• i- 

The surface-crosslinking agert, as used in the present invention, is not especially limited if it is a crosslinking agert 
with a functional group reactive upon a functional group that the water-absoibenl resin has. and conventional ones in 
the art are favorably used. Examples thereof include: poiyhydric alcohols such as ethylene glycol, diethylene glycol, 
propylene glycol, triethylene glycol, tetraethylene glycol, polyethylene glycol. 1 .3-propanediol. dipropylene glycol. 2,2.4- 
25 trimethyi-1.3-pen1anediol. polypropylene glycol, glycerol, polyglycerol. 2-buten-1 .4-diol, 1.4-butanediol. 1.5i3entane- 
diol 1 6-hexanediol, 1 .2-cyclohexanedimethanol. 1.2-cydohexanol. trimethyldpropane. diethanolamine. trieth- 
anoiamine. polyoxypropylene. oxyethylene-oxypropylene block copolymers, pentaerythritol. and sorbitol: epoxy 
compounds such as ethylene glycol diglycidyl ether, polyethylene glycol diglycidyl ether, glycerol polyglyadyi ether dig- 
lycerol polyglycidyl ether, polyglycerol polyglycidyl ether, propylene glycol diglycidyl ether, polypropylene glycol diglya- 
dyl ether and glycidol; polyamine compounds, such as ethylenediamine. diethylenetriamine. tnethylenetetrarrane. 
tetraethylenepentamine. pentaethylenehexamine. and polyethylenimine. and their inorganic or organic salte (for exam- 
ple azitidium salts); pdyisocyanate compounds such as 2.4-tolylene diisocyanate and hexamethylene diisocyanate; 
polyoxazoline conpounds such as 1 .2-ethylenebisoxazoline; alkylene carbonate compounds such as 1.3-dioxolan-2- 
one 4-methyl-1.3-dioxolan-2-one. 4.5-dimethyl-1.3-dioxolan-2-one. 4.4-dimethyl-1.3-dioxolan-2-one. 4-ethyl-1 .3-dioxo- 
lan-2-one. 4-hydroxymelhyl-1.3<fioxolane-2-one. 1 .3-<fioxan-2-one. 4-methyl-1.3-dioxan-2-one. 4,6-dimethyl-1 ,3- 
dioxan-2-one, and 1 ,3-dioxopan-2-one; haloepoxy compounds, such as epicWorohydrin, epibromohydrin. and a-meth- 
ylepichlorohydrin. and polyvalert amine addition products thereof (e.g. Kymene (trademarl^ made by Hercules); poly- 
valent metal compounds such as hydroxides or chlorides of zinc, calcium, magnesium, aluminum, iron, and zirconium. 
These surface-crosslinking agents may be used atone, or may be used in combinations of at least two thereof consid- 
ering their reactivity. Among these surtace-ciossfinking agents, particulariy preferred is at least one compound select«l 
from the group consisting of poiyhydric alcohol compounds, epoxy compounds, pdyamjne compounds and their salts. 

and alkylene cartx)nate conpounds. ^ . ^ u. 

As is proposed in JP-A-06-184320 (USP 5.422.405), if a surface-crosslinking agent as used for the above-men- 
tioned surface-crosslinking can read with a carboxyl group and comprises a combination of a first surface-crosslinking 
agent and a second surface-crosslinking agent whose solubility parameters are deferent from each other in the case 
where the water-absoibent resin particle mixture possesses a caiboxyl group, then a water-absorbent resin composi- 
tion with still more excellent absorption capacity under a load can be obtained. The above solubility paranrieter is a >«lue 
as commonly used as a factor indicating the pofarity of compounds. Values of solubility parameters, a (cal/cm ) . of 
solvents, as disclosed on pages 527-539 of Po/ymer Handbook, 3rd edition, published by WILEY INTERSCIENCE. are 
applied to the above-mentioned solubility parameter in the present invention. In addition, values, as applied to solubility 
parameters of solvents as not disclosed on the above-mentioned pages, are led by substituting Hoy's cohesive energy 
constant, as disclosed on page 525 of tiie Polymer Handbook above, tor Small's equation as disclosed on page 524 of 
the RoA/merHandboolf above. \^ , 

The above-mentioned first surface-crossHnking agent is preferably a compound which is reartive upon a carboxyl 
group and has a solubility parameter of 12.5 {caUcrrPy/^ or more, further preferably. 13.0 (cai/cn^y or more. 

The above-mentioned second surface-crosslinking agent is preferably a compound which is reactive upon a car- 
boxyl group and has a solubility parameter less than 12.5 (cal/cm^)^'^ ^ore preferably, in tiie range of 9.5 to 12.0 
(cal/cm3)i«. 
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The arrburtt of the surface-crbssllnking agent, as used, depends on the compounds as used as such, or on ooifn- 
binatlons thereof, but is preferably in the range of 0.001 to 10 parts by weight, nrwe preferabiy. 0.01 to 5 parts by weight, 
per 1 00 parts by weight of the solid content of the water-absorfcient resin particle mixture. 

If the above-mentidned surface^osslinking agents are used, the crossiinking density in the surface neighborhood 
of the water-ateorbent resin particle mixture can be increased to a higher value than that inside. The amount of the sur- 
face-crosslinking agent, as used, larger than 10 parts by weight is unfavorable because it is not only uneconomical, but 
also is excessive to the formation of the optimal crossiinking structure in the water-absorbent resin composition. In addi- 
tion, in the case where the amount of the surtace-crosslinWng agent as used is smaller than 0.001 parts by weight, 
effects for improving performances, such as the absorption capacity under a load, of tiie water-absorbent resin compo- 
sitipn is unfavorably difficult to obtain. 

When tiie water-absorbent resin particle mixture is mixed with the surface-aosslinking agent in the present inven- 
tion, water is preferably used as the solvent. The amount of water as used depends upon factors such as tiie type, par- 
ticle diameter, or water content of the water-absorbent resin particle mixture, but is preferably in tiie range of 0 to 20 
parts by weight (but not including 0 parts by weight), and preferably in the range of 0.5 to 1 0 parts by weight, relative to 
100 parts by weight of tiie solid content In the water-absorbent resin particle mixture. 

When the vvater-absorbent resin particle mixture is mixed with the surface-crosslinking agent, a hydrophilic organic 
solvent (aqueous liquid) may further be used, if necessary. Examples of the hydrophilic organic solvent include: lower 
alcohols such as methyl alcohol, ethyl alcohol, n-propyi alcohol, isopropyl alcohol, n-butyl alcohol, isobutyl alcohol, and 
t-butyl alcohol; ketones such as acetone; etfiers such as dioxane. tetrahydrofuran, and metiioxy(poly)ethylene glycol; 
amides such as e-caprolacfam and N.N-dimetiiylformamide; and sulfoxides such as dimethyl sulfoxide. The amount of 
the hydrophilic organic soh/ent as used depends upon factors such as the type, particle diameter, or water content of 
the water-absorbent resin particle mixture, but is preferably in tiie range of 20 parts by wei^ or less, more preferably, 
0.1 to 10 parts by weight, relative to 100 parts by weight of the solid content in tiie water-absorbent resin partide ma- 
ture. 

After the water-absorbent resin partide mixture is mixed with the surface-crosslinking agent, a heat-treatment fe 
earned out to tiie resultant mixture, thus crossiinking the surface neighborhood of tiie water-absoriDent resin particle 
mixture. 

That is to say. tiie heat-treatment is preferable for activating the crossiinking agent in tiie surface neightKjrhood of 
the water-absorbent resin partide mixture if tiie reactivity of the crossiinking agent, tiie simplicity of production devices, 
and the productivity are considered. The temperature of tiie heat-treatment is fitiy determined depending on factors 
such as the type of tiie surface-crosslinking agent as used or tiie objective crossiinking density, titerefore, it is not espe- 
cially limited, but it is preferably not lower tiian 80 *»C. When ttie temperature off the heat-treatment is lower tiian 80 **C. 
not only tiie productivity deteriorates, but also no uniform crossiinking of tiie surface can be acconplished. because a 
long time is consumed for tiie heat-treatment thus tending to result in tiie lowering of absorption properties under a 
load and in tiie remaining of the surface-crosslinking agent. The heating temperature is in the range of. preferably, 100 
to 250 '^C, more preferably, 120 to 210 *C. The heating period of time is preferably determined in the range of 1 minute 
to 3 hours. 

The heat-treatment, as described above, can be carried out wrth conventional dryers or ovens. Examples of the 
dryers include channel type mixing dryers, rotary dryers, desk dryers, fluidized-bed dryers, gas-stream type dryers, and 
infrared dryers, but ttiere is no especial limitation thereta 

In the present invention, it Is permissible that tiie water-absorbent resin primary particle and tiie water-absorbent 
resin granule are separately surface-crosslinked t>efore mixed. The foregoing surface-crosslinking metiiod can, as is. 
be applied to the method for separately surface-crosslinking tiie water-absorbent resin primary partide and the water- 
absort>ent resin granule. 

The water-absorbent resin compositk>n of the present invention as obtained in tiie above way is a novel water- 
absorbent resin composition comprising the mixture of tiie water-absorbent resin primary particle and tiie water- 
absorbent resin granule and displaying high physical properties, for example, an absorptbn capacity of at least 25 g^ 
for a physiological salt solution under a load of 50 g/cm^. ^ 

Granules as obtained by conventional granulation processes can bear only a low load of at most about 20 g/ctrr 
because of the granulation fracture, but the water-absorbent resin granule as obtained in tiie present invention displays 
excellent absorption even under a high load of 50 g/cm^. Therefore, because of containing such a granule, the water- 
absorbent resin composition of the present invention displays a higher absorption capacity under a high load of 50 
g/cm^ than conventional ones, as well as excellent absorption speed, and further is free from the fine powder In addi- 
tion, tiie water^absorbent resin composition of the present invention preferably has the following properties: an absorp- 
tion speed of 100 seconds or less: a water-soluble content of 15 % by weight or lower, more preferably. 10 % by weight 
or lower; a particle size distribution of 95 % by weight or higher, more preferably. 98 % by weight or higher, in terms of 
the proportion of particles with a particle size of 850 to 1 50 jim; and a granulation fracture ratio of 1 0 % or less. Inciden- 
tally, tiie measurement metifiods for tiiese physical properties are specified in the below-mentioned examples of some 
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preferred emb<xlimerits according to t^^ 

It is permissible to afford various functions to the above-mentioned water-absorbent resin composition by further 
adding thereto materials such as disinfectants, antibacterial agents, perfumes, various inorganic povwjers. foaming 
agents, pigments, dyes, hydrophilic short fibers, fertilizers, oxidants, reductants. water, and salts. The water-absorbent 

5 resin composition of the present Invention can be applied to uses of various conventional water-absorbent resins, but 
can favorably be used for absorbent articles such as absorbent-matter-containing sanitary materials, particularly, paper 
diapers, sanitary napkins, and incontinence pads, taking a serious view of the following performances as attained by 
the present invention: only a small amount of fine powder, a nan-ow particle size distribution, excellent absorption prop- 
erties under a load, and excellent water absorption ^eed. 

10 Hereinafter, an explanation is made about an embodiment of the present invention while refening to Rgs. 2 and 3. 
As is illustrated in Fig. 2. a high-speed-stirring type continuous extrusion mixer 1. as used for the granulation 
method (b) and further, favorably, for adding arid mbdng a crosslinWng agent into a mixture of a water-absortjent resin 
primary particle and a water-absorbent resin granule in accordance with the present invention, has, for example, a cas- 
ing 2 as a horizontally fixed cylinder. 

IS The casing 2 has: a material-supplying Inlet 3. to project a powdery water-absortaent resin into, as illustrated in the 
right portion of the figure; a liquid-supplying inlet 4. to project an aqueous liquid for granulation into, on the discharge 
side of the material-supplying inlet 3; and a disscharge outlet 5 on the left end side of tt^^ 

Incidentally, as is disclosed in JP-A-04-214734. the inner face off the casing 2 preferably comprises a base material, 
displaying an angle of 60*» or more of contact with water and a thermal deformation tenrperature of 70 or higher, as 

20 an inner tube. . ' ■ ' ■ ^ 

In other words, it should be noted that in the case where the base material displays an angle less than 60 ot con- 
tact with water, the water-absoibent resin powder or the water-absortsent resin particle mixture might non-unifbrmly be 
mixed with the aqueous liquid or the crosslinking agent, and further that in the case where the thermal deformation tem- 
perature of the base material is lower than 70 *»C, the base material cannot sufficiently bear the heat as generated dur- 

25 ing the mixing. Therefore, when the base material does not satisfy the above conditions, it might be impossiWe to 
continue stable mixing. ^ i 

Examples of the base material preferable for the inner face of the casing 2 include: synthetic resins such as poly- 
ethylene, polypropylene, polyester, polyamide. fluororesins. polyvinyl chloride, epoxy resins, and silicone resins: and 
the foregoing synthetic resins as reinforced by combining them with inorganic fillers, such as glass, graphite, bronze, 

30 and mdybdenum disulfide, or virith organic fillers such as polyimWa 

In addition, among the above substances, particulariy desired ones are fluororesins such as polyethylene tetraflu- 
oride. polyethylene trifluoride, polyethylene trifluorochloride. ethylene tetrafluoride-ethylene copolymers, ethylene trif- 
luorochloride-ethylene copolymers, propylene pentafiuoride-ethylene tetrafluoride copolymers, perfluoroallorl vinyl 
ether-elhylene tetrafluoride copolymers, and polyvinyl fluoride. 

35 On the other hand, inside the casing 2. a rotary shaft 6 to rotetibnally drive with a driving motor 8 is furnished, and 
around the rotary shaft 6, a plurality of impellers 7 • • • are furnished. 

The plurality of impellers 7 • • • are spirally arranged in sequence around the rotary shaft 6, and comprises a plu- 
rality of first impellers 7a • • • and a plurality off second impellers 7b • • • of which ttie shapes are different from those 
of the first impellers. 

40 The first impellers 7a • • • are, for example, the shape of plates, such as rectangles, to generate an extrusion 
thrust. Incidentally, the first impellers 7a • • • are not necessarily limited to the shape of plates such as rectangles, but. 
as is illustrated by a continuous extrusion mixer 10 of Fig. 2, the shapes of paddle-like plates such as flippers and but- 
terflies are also available along with the shapes of plates with not planar, kxjt curved faces. In addition, as is illustrated 
in Rg. 2, the tip edges of the first impellers 7a • • • do not need to be linear, but, for example, may be arched, and fur- 

45 ther, the first impellers 7a • • • may, for example, have a blade edge like a chisel. 

On the other hand, the second impellers 7b are. for example, the shape of columns to generate an extrusion 

thrust smaller than that by the first impellers 7a • • • . 

Incidentelly, the second impellers 7b - are not limited to the shape of columns, either, but. for e)Qmple. the 
shapes of bars or pins thinner than columns are also available. The shape of the tip thereof does not need to be planar. 

so either, but may be spherical, for example, hemispherical. 

As is illustrated in Rg. 2, the first impellers 7a . which are plate-shaped, are furnished to a portion of the rotary 

shaft 6 with a length of about 35 % from the end off the material-supplying inlet 3 wherein the entire length of the rotary 
shaft 6 present in the casing 2 is 100 %. and. on the other hand, the second impellers 7b • • • . which are columnar, 
are furnished to a portion with a length of about 65 % from the end on the side of the discharge outlet 5. 

ss Thus, the first impellers 7a • • • give the water-absorbent resin and the aqueous liquid a sufficient extrusion thrust 
into the continuous extrusion mixer 1 or 1 0, and subsequently, the second inpellers 7b • • • reduce the extrusion thrust 
to smaller than that by the first impellers 7a • • • , so that the mixing-stirring time can sufficiently be obtained to suffi- 
ciently canry out the mixing or reaction, 



13 



RN.«:nOCIO: <EP 0e8S917A2J_> 



EP 0 885 917 A2 



. In additioa as is illustrated by the continuous extrusion mixer 10 of Fig. 3. some of the first inpeliens 7a • • • can 
be furnished on the further discharge side of the second impellers 7b - • • , if necessary. As to the continuous extrusion 
mixer 1 0. when the entire length of the rotary shaft 6 present in the cai-?g 2 is 1 00 %, the first impellers 7a • • • , which 
are paddle-shaped, are furnished both to a portion off the rotary shah 6 with a length of about 25 % from the end of the 

5 material-supplying inlet 3 and to a portion of the rotary shaft 6 with a length of about 25 % from the end on the side of 
the discharge outlet 5. and further, the second impellers 7b • • • , of which the tips are hemispherically columnar, are 
furnished to the central portion other than the alxive. 

The furnishing of the paddle-shapal first impellers 7a • • • on the discharge side, as mentioned above, enhances 
the extrusion thrust and favorably discharges the resultant mixing-reaction product . 

10 Incidentally, the pitch, at which the impellers 7 • • • are anranged, is preferably set to match with an objective uni- 
form mixing state. 

In addition, in the continuous extn^ion mixer 1 or 10. according to an embodiment of the present invention, the 
material-supplying inlet 3 to project a water-absorbent resin powder or the water-absorbent resin partide mixture into 
is made in an area where the first impellers 7a • • • are arranged, and the liquid-supplying inlet 4 to project an aqueous 
15 I'quid or a crosslinking ag^nt into is made in an area where the second impellers 7b • • • are arranged. 

Specifically, when the water-absorbent resin and the aqueous liquid are mixed. t>oth need to entirely contact each 
. other as momentarily as possible. In the case where this is insufficient, so-called lisheyes" are formed and the unifbmi- 
ity of the mixing Is therefore damaged. Thus, in the present invention, because the water-absorbent resin is supplied 
with the f irst impellers 7a • • • into the continuous extrusion mixer 1 or 10, and because the high-speed stimng-mixing 
20 of the water-absorbent resin and the aqueous liquid is carried out with the second impellers 7b • • • in a moment the 
water-absort)ent resin and the aqueous liquid can sufficiently uniformly be mixed and reacted with each other. 

In the case where a water-absorbent resin with a carix>xyl group and an aqueous liquid containing materials reac- 
table upon the carboxyl group, such as the crosslinking agent, are mixed or reacted with each other using the continu- 
ous extrusion mixer 1 having the alxjve-mentibned constitution, the rotary shaft 6 is allowed to rotate, for exanrtple. at a 
25 high speed of atx)ut 500 to about 3.000 rpm, with the driving motor 8. 

In this state, the water-absorbent resin is supplied from the material-supplying inlet 3. thus conveying the water- 
absorbent resin into the continuous extrusion mixer 1 by the extrusion thrust of the plate-shaped first impellers 7a • • • 
as spirally arranged. 

Next, if the aqueous liquid is injected from the liquid-supplying inlet 4. the water-absorbent resin and the aqueous 
30 liquid containing materials such as the crosslinking agent are sufficiently mixed and reacted with each other due to the 
second impellers 7b • • • giving a small extmsion thrust, and uniformly mixed, and eventually the resultant mixing-reac- 
tion product is automatically discharged from the discharge outlet 5. 

Next, this mixing-reaction product is, for example, dried or further surface-crosslinked with a heating device, thus 
forming a water-absorbent resin granule or composition with excellent strength properties. 
35 Thus, the continuous extrusion mixers 1 and 10, according to embodiments of the present invention, have such a 
stmcture that the plurality of impellers 7 • • • are furnished around the rotary shaft 6 In the fixed casing 2 to mix and 
react the water-absorbent resin and the aqueous liquid together, and these impellers 7 • • • comprise at least two 
types of different shapes. 

In conventional continuous extrusion mixers, a plurality of impellers of the same shape are anranged and, therefore, 
40 merely make a non-uniform stining and an insufficient mixing. 

As to the at>ove-mentioned emtKXliments of the present invention, however, because the impellers 7 • • • com- 
prise at least two types of differerrt shapes, tiie mixing is carried out in at least two agitation states. As a result, the 
water-absorlsent resin is efficiently mixed and reacted with the aqueous liquid, and uniform mixing can be ensured with- 
out any formation of "fisheyes." Thus, tine water-absorbent resin granule and the water-absorbent resin composition, 
45 both of which make no restriction of the use mettiod thereof in final products and constantiy display excellent properties, 
can be provided. 

In addition, because the plurality of Impellers 7 • • • are spirally arranged in sequence, the extrusion tiirust can suf- 
f identiy be ensured, and further, materials such as tiie water-absorbent resin can smoothly be extruded. 

Furthermore, the plurality of first impellers 7a • • • and tiie plurality of second impellers 7b • • • are anranged in 
so sequence around the rotary shaft 6 in the continuous extrusion mixers 1 and 10 according to embodiments of the 
present invention, wherein tine first impellers 7a • • • are set on ttie material-supplying side and have shapes, such as 
plate shapes, to generate an extrusion thrust, and tiie second impellers 7b ••• are set on tiie discharge side of tiie 
first impellers 7a • • • and have shapes, such as columnar shapes, to generate an extrusfon thrust smaller than that by 
the first impellers 7a • • • . 

55 Thus, the first inpellers 7a • • • give the water-absorbent resin and tiie aqueous liquid a suff idenl extrusion thrust 
into the continuous extrusion mixers 1 and 10. and next, the second impellers 7b • • • reduce the extrusion tiirust to 
smaller than tiiat by the first inpellers 7a • • • , so that tiie mixing-stirring time can sufficientiy be obtained to suff icientiy 
cany out tiie mixing or reaction. Therefore, tiie water-afc}sori3ent resin can be nnixed or reacted with the aqueous liquid 
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strfficientiy uniformly. 

Iri addition, because the first impellers 7a • • • are plate-shaped, the shape thereof Is preferable as the shape to 
generate an extrusion thrust. Furthermore, because the first impellers 7b • • • are column-shaped, the shape thereof 
is preferable as the shape to reduce the extrusion thrust to smaller than that by the first impellers 7a • • • and to suffi- 
5 ciently ensure the mixing-stirring. 

Furthermore, the inner face of the casing 2 in the continuous extrusion mixers 1 and 10 substantially comprises a 
base material displaying an angle of atx)ut60^ or moreof cc»itact vvith waterand athernrial d 
about 70 *C or higher 

In other words, in the case where the base material di^lays an angle less than about 60"" of contact with water, the 
10 water-absorbent resin might non-uniformly be mixed with the aqueous liquid, and further in the case where the thermal 
deformation terir^erature of the base material is lower than about 70 ""C. the base material cannot sufficiently bear the 
heat as generated during the mixing, and it might therefore be impossible to continue stable nriixing. However, the 
embodiments of the present invention can avoid these problems. 

Furthermore, as to the continuous extrusion mixer 10, because a plurality of first impellers 7a • • • are further fur- 
is nished on the discharge side of the second impellers 7b • • • , the extrusion thrust during the discharge is sufficiently 
ensured, and therefore the discharge is favorably made. 

In addition, the continuous extrusion mixers 1 and 10 have such a structure that the water-absorbent resin powder 
is supplied and charged into an area where the first impellers 7a • • • are arranged, and that the aqueous liquid.is sup- 
plied and charged into an area where the second impellers 7b • * * are arranged. 
so Thus, the water-absorbent resin is supiplied with the first impellers 7a • • * into the continuous extrusion mixer 1 or 
1 0, and subsequently, the aqueous liquid is supplied and charged into an area where the second impellers 7b • • • are 
arranged, thus can-ying out the high-speed stirring-mixing of the water-absorbent resin and the aqueous liquid with the 
second impellers 7b • • • in a moment. As a result, the water-absortsent resin and the aqueous liquid can sufficiently 
uniformly be mixed or reacted with each other. . .. 

25 Incidentally, the impellers 7 • • • in the above-mentioned embodiments of the present invention comprise the fn^ 
impellers 7a • • • and the second impellers 7b • • • of the shape of two types, but the present inverrtion is not limited . 
to those emtKXIiments. For example, impellers 7 • * • of further different shapes can further be furnished to enhance 
the stirring efficiency more greatly. 

Hereinafter, the continuous granulation process of the present invention is explained in detail while referring to Figs. 
30 4 to 7. 

In the continuous granulation process of the present invention, a water-atDSorbent resin powder and an aqueous 
liquid are supplied into a continuous extrusion mixer having a plurality of supplying-inlets along an arrangement of stir- 
ring-members, and then the water-absorbent resin powder and the aqueous liquid are mixed in the continuous extru- 
sion mixer, thus continuously granulating the water-ak^sorbent resin powder. In this process, when the water-absorbent 

35 resin powder and the aqueous liquid are supplied into the continuous extrusion mixer, the water-absorbent resin powder 
is supplied downstream of the aqueous liquid, so the amount of the materials as stuck into the continuous extrusion 
mixer can be decreased, and thus, stable granulation can continuously be carried out for a long term, and further a 
granule with excellent granulation strength can be ot^tained. 

The water-absorbent resin powder and the aqueous liquid, as used in the continuous granulation process of the 

40 present invention, are both the same as merrtioned previously. 

In the aqueous liquid, water-insoluble inorganic or organic fine particulates may be dispersed. In addition, the aque- 
ous liquid may contain an organic sutsstance with a functional group reactive upon a functional group that the water- 
absorbent resin, has. Examples of such an organic substance include a crosslinking agent. If the organic substance is 
used, the decrease of the water-soluble component and further improvement of the granulation strength can be accom- 

45 plished. 

In the continuous granulation process of the preserrt invention, the ratio between the water-absorbent resin powder 
and the aqueous liquid, as used (supplied), may f itiy be set depending upon factors such as combinations of the water- 
absorbent resin powder and the aqueous liquid, as used, and uses of tiie resultant granule, but the ratio is preferably 
set such tiiat the amount of the supplied aqueous liquid is in the range of 30 to 400 parts by weight (more preferably. 
so 80 to 280 parts by weight) per 1 00 parts by weight of the water-absorbent resin powder. 

In the case where the amount of tiie aqueous liquid, as used, exceeds 400 parts by weight, there is no effect to 
improve the granulation strength rewarding the increase in the amount of the aqueous liquid as added, and there are 
disadvantages in view of the drying cost and so on. And. again, in the case where the amount of the aqueous liquid, as 
used, exceeds 400 parts by weight, physical properties might be deteriorated, or it might be impossible to mix the water- 
55 absorbent resin powder and the aqueous liquid enough uniformly. 

On the other hand, In the case where the amount of the aqueous liquid, as used, is smaller than 30 parts by weight, 
the granulation strength might be insufficient, and the resultant final product might therefore not be able to display excel- 
lent properties, and further there is a possibility that any uniform granule could not be ot>tained due to non-uniform mix- 
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ing. 

In the continuous granuliatioh process of the present invention, similarly to the foregoing method (a), the aqueous 
liquid may be preheated before mixed with the water-absorljent resin powder. The preheating temperature of the aque-. 
ous liquid may be the same as mentioned for the foregoing method (a). 

5 If the aqueous liquid is preheated in the above way then the partide diameter of the resultant granule can easily 
be controlled, and the resultant granule is preverrted from being obtained as a united large gelatinous one, and the bur- 
den to a niotor for working the continuous extrusfon mixer can be lessened. 

In addition, it is preferable that the water-absorbent resin powder is also preheated before mixing. The preheating 
temperature bf the water-absorbent resin powder may also be the same as mentioned for the foregoing method (a). 

10 The continuous granulation process of the present invention is particularly preferably applied to fine powders of 
water-absorbent resins (e.g. such powders having a partide diameter of not larger than 150 jim) anriong the water- 
absorbent resin powders. 

The fine powder of the water-absorbent resin has the foregoing protjiems. and thus it is desired to reduce the fine 
powder content in the water-absorbertt resin,. whereas, as to the prior arts, continuous stable granulation of the fine 
15 powder of the water-absorfoerit resin'was extremely difficult because of its large surface area, and furtiier the fine pow- 
der of the water-afcisorbent resin had problenris of physical property deterioratfon, granulation fracture, etc., so no effec- 
tive process for granulating the fine powder has been established. However, the continuous granulation process of the 
present invention can be applied suitably for granulating such a fine powder of the water-absorbent resia 

Hereinafter, the continuous granulation process of the present invention is explained in mofe detail, espedally, by 
20 exemplifying granulation of the water-absorbent resin powder as formed in the production process for the water-absort>- 
ent resin. 

Rrst an explanation is hereinafter made on an example of the production process for the water-absprt>ent resin 
including the granulation process of the water-absorbent resin powder wtiile referring to Fig. 7. 

As to the water-absorbent resin powder to be granulated, its details such as specified examples, starting-materials 
25 (including monomers), and synthetic processes (polymerization processes) may be tiie same as mentioned previously 

As is illustrated in Fig. 7, when tiie water-absortjent resin is produced, the starting-monomers are first suppOed into 
a reaction vessel, where a polymerization reaction is carried out 

In the case where the polymer as obtained by tiie above polymerization reaction is a hydrogel pdymer, as is illus- 
trated in Fig. 7, tiiis hydrogel polymer is dried and, if necessary, pulverized, and tiien classified into a coarse particle, 
30 an objective particle; and a fine particle. Among tiiem, the coarse partide is re-pulverized and re-dassified. The objec- 
tive particle is, as is or after surface-crosslinked, finished up to a product as a water-absorbent resin. The fine partide 
is granulated by mixing it witii tiie aqueous liquid, and tiien dried and. if necessary, pulverized or surface-crosslinked. 
and thus finished up to a product. Thus, tiie fine particle can be recycled via the granulation process of tiie present 
invention, whereby the production efficiency of the water-absorbent resin can be enhanced. In addition, if tiie fine par- 
55 tide is surface-crosslinked after granulated, then a water-absorbent resin witii still higher physical properties can be 
obtained. 

Incidentally, the size of the objective particle is not especially limited, but fitiy set depending upon uses of the ol^ec- 
tive particle. In emtxjdiments of the continuous granulation process of tiie present invention, a water-absorbent resin 
powder with a particle diameter larger than a desired particle diameter of the objective particle is referred to as "coarse 

40 partide," and a water-absorbent resin powder with a partide diameter smaller tiian a desired particle diameter of tiie 
objective partide is referred to as tine particle," but. when a water-al>sorbent resin powder with a particle diameter of 
not larger than 105 jim is included in the fine particle in a ratio of at least 50 % by weight thereof, effects of the present 
invention are particularly gi^eatiy displayed. 

In addition, the water-absoibent resin powder, as used in the continuous granulation process of the present inven- 

45 tion, may be a surface-crosslinked one, or may be not. Thus, when the fine particle, as formed after surface-crosslinWng 
the objective particle (mainly during tiie crushing), is granulated, tiie continuous granulation process of tiie present 
invention can also be applied. Incidentally^ the coarse particle, as obtained in tine above surface-crosslinking step, is 
crushed (pulverized) and classified again, thereby finally dassified into the objective particle and the fine partide. 
Furthermore, as is mentioned above, the fine partide may be eittier a classified one from the water-absorbent resin 

so powder containing tiie fine partide in tiie production process for the water-absorbent resin, or an intentionally produced 
one by adjustment of pulverization or polymerization conditions for tiie purpose of enhancing tiie absorption speed. The 
water-absortjent resin powder, as granulated by the continuous granulation process of the present invention, may be 
any form of the following: only a fine particle off a water-absorl>enl resin (for example, a water-absorbent resin having a 
partide diameter of not larger ttian 150 nm); a mixture of the fine partide and larger particles therettian; a fine-partide- 

55 free water-at)Sorbent resin (for example, consisting of particles having a particle diameter of 1 50 nm to 850 jun. but not 
including 150 ^im). Among these water-absorbent resin powders, fine partides which have not yet been subjected to 
surface-crosslinking treatment are preferably used. In addition, the average particle diameter of ttie fine particle is pref- 
erably in tiie range of 150 to 10 lun. and tiie content of particles with a partide diameter of substantially not larger than 
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.150 urn in the fine particle is preferably not lower than 70 % by weight, and more preferably, not lower than 90 % by 
weight Furthermore, as is mentioned above, it is still more preferable that at least 50 % by weight of the water-absort)- 
ent resin powder, as granulated by the continuous granulation process of tiie present Invention, is a fine particle (fine 
powder) with a particle diameter of not larger tiian 105 ^m. In addition, as to the shape of these fine partides, from the 

5 viewpoint of the granulation strength, an irregular shape as formed by aqueous solution polymerization is preferred to 
a spherical shape as formed by reversed-phase suspension polymerization. 

Details of the surface-crosslinking agent and metiiod. as used for ihe above-mentioned surface-crosslinWng in tiie 
continuous granulation process of the present invention, may be the same as mentioned previously. 

Hereinafter, tiie above process for continuously granulating a water-absorbent resin powder is explained in more 

10 detail. 

In the continuous granulation process of the present invention, tiie continuous extrusion mixer, as used.to granulate 
the water-absoilDent resin powder, is not especially limited if it has a plurality off supplying-inlets to supply tiie water- 
absorbent resin powder and the aqueous liquid separately from each other, and further has a structure to continuously 
mix the water-absorbent resin powder and the aqueous liquid by stimng them while continuously discharging the result- 
15 ant mixture. 

Exanples of such a continuous extarusion mixer include paddles mixer of Nishimura's model (made by Nishimura 
Kikai Seisakusho K.K.). Annular Layer Mixer (made by Draiswerke GmbH). Spiral Pin Mixer (made by Pacific Machinery 
& Engineering Co.. Ltd.). continuous type Ladige Mixer (made by Gebruder Lfidige Maschinenbau GmbH), and Row 
Jet Mixer (made by Funken Powtex). The continuous granulation process of the present invention can be carried out 

so using these continuous extrusion mixers in such a manner tiiat tiie water-absorbent resin powder is supplied down- 
stream of the aqueous liquid, or using these continuous extrusion mixers as remodeled such that tiie vyater-absorbent 
resin powder caii be supplied downstream of the aqueous liquid. . 

As to the continuous extrusion mixer, a high-speed-stirring type continuous extrusion mixer 1 of Figs. 4 and 5 is. for 
exanple. favorably used. This continuous extnjsion mixer 1 . for example, comprises: a casing 2 as a horizontally f ixed 

25 cylinder; a rotary shaft 1 1 as furnished inside tiie casing 2 and rotationally driven witii a driving motor 13; and a plurality 
of stirring-members (impellers) 12 • • • as furnished around the rotary shaft 1 1 . Incidentally, tiie distance between tiie 
outer periphery of the rotary shaft 1 1 and tiie inner wail of the casing 2 is preferably set out of considieralion for tiie stir- 
ring efficiency. 

In the continuous extrusion mixer 1, ttie stinring-members 12 may. for example, be tiie shape of paddle-like plates 

30 such asflippers and butterflies, or the shape of plates such as rectangular, circular, oval, and triangular. In addition, tiie 
stin^ing-mernbers 1 2 may be tiie shape off plates with not planar, but curved faces, and the tip edges off tiie stirring-mem- 
bers 1 2 may. for example, be arched. In addition, lower parts of the stirring-members 1 2 may. for example, be furnished 
with fixing-nuts. Furttiemiore. tiie stirring-members 12 may be prismatic, or, as is illusfrated by Rg. 5, some of the stir- 
ring-members 12 • • • . may be the shape not to generate an extrusion tiirust. such as columnar or pin-like, if used in 

35 conribinations witii tiie plate-shaped or prismatic ones as mentioned above. 

If the stining-members 1 2 ••• are set in a state to mix the vyater-absorbent resin powder and ttie aqueous Bquid 
while conveying (extruding) them, tiie shape or size tfiereof is not especially limited. In addition, ttie arrangement den- 
sity or position of the stin-ing-members 12 • • • is not especially limited, but it is preferable that the stirring-members 12 
• • • are arranged spirally around the rotary shaft 11 for tiie purpose of sufficientiy ensuring tiie extrusion thrust and 

40 smootiity extruding tiie materials such as the water-absorbent resin powder. 

Furtiiermore, it is preferable that the surfaces of the stinring-members 12 • • • and ttie rotary shaft 1 1 are coated 
with a film of materials such as Teflon resins, or plated, or coated witii materials such as Teflon resin tubes, for the pur- 
pose of preventing adhesive materials, comprising a mixture of the water-absorbent resin powder and the aqueous liq- 
uid, from adhering to the stirring-members 12 • • • or tiie rotary shaft 1 1 . 

45 For the same reason, tiie inner face of the casing 2 is preferably provided with tiie same base material as used for 
the casing of the foregoing mixer of Fig. 2 or 3. 

in addition, tiie casing 2 has a plurality of supplying-inlets 3 to 9 and a discharge outlet 10, and among them, the 
supplying-inlets 3, 4. 5, and 6 are arranged in tiiis onder from one end portion (left end portion in Fig. 4) toward the other 
end portion (right end portion in Fig. 4) of tiie casing 2 in a top wall of the horizontally fixed casing 2. In addition, tiie 

so supplying-inlets 7, 8. and 9 are arranged in this order from one end portion (left end portion in Fig. 4) toward the other 
end portion (right end portion in Fig. 4) of tiie casing 2 in a side wall of the casing 2. Furtiiermore. tiie discharge outiet 
10 is made at an end portion (right end portion in Rg. 4), opposite to ttie other end portion where tiie supplying-inlet 3 
is made, in a bottom wall of tiie casing 2, In addition, tiie supplying-inlets 4 and 7 are set at the same distance from one 
end portion of tiie rotary shaft 1 1 in the casing 2. Similarly, the supplying-inlets 5 and 8 as well as the supplying-inlets 

55 6 and 9 are set at the respective same distances from one end portion of the rotary shaft 1 1 in tiie casing 2. The sup- 
plying-inlets 3 to 9 have a structure free to be opened and closed, and those which are disused are closed, while those 
which are used are. for example, connected to a proportioning supply machine 14 such tiiat the water-absort^ent resin 
powder and the aqueous liquid can continuously be supplied at a certain rate. 
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In the continuous (granulation process of the present invention, when thie water-absorbent resin pcwder is granu- 
lated with the continuous extmsion niixer 1 , the watiar-absorbent resin powder is supplied downstream of the aqueous 

liquid. 

In conventional processes, when the water-absorbent resin powoer and the aqueous liquid are mixed using an 

5 extrusion mixer, the water-absorbent resin powder is first projected from a powder-projecting inlet into the extrieion 
mixer, and the aqueous liquid is then injected from a liquid-jnjecting inlet as opened downstream of the powder -project- 
ing inlet However, such conventional processes have problems in that when the amount of the supplied aqueous liquid 
is Increased to enhance the granulation strength, tfie water-absorbent resin powder and the aqueous liquid are only 
mixed non-uniformly. and in ttiat adhesive materials, for example, comprising a mixture of the water-absorbent resin 

10 powder and the aqueous liquid, adhere to stirring-members, so the continuous granulation is difficult to can^ out stably 
for a long term although it might be possible for a short tenm. 

In comparison thierewith, in the continuous granulation process of the present invention, because the water-at>sorb- 
ent resin powder is supplied downstream of the aqueous liquid, tiie adhesive materials are prevented from adhering to 
inner portions of tiie casing 2. espedaily. tiie stimng-members 12 • • • , inner portions of the waler-absort)ent resin 

75 powder-supplying inlets, or the neighborhood of tiie discharge outiet whereby the granulation can be carried out con- 
tinuously and stably for a long term. Furthermore, even when the amount of the supplied aqueous liquid is large, tiie 
water-absorbent resin powder and the aqueous liquid can uniformly be mixed, whereby a granule with excellent granu- 
lation strength can be obtained. 

An operation to mix tiie water-absorbent resin powder and the aqueous liquid using tiie continuous extrusion mixer 

20 1 of the above constitution is specified as follows: In tiiis case, the rotary shaft 1 1 is first allowed to rotate, for example, 
at a high speed of about 500 to about 3,000 rpm, witii tiie driving motor 13. Then, in ttiis state, the aqueous liquid is 
supplied from tiie supplying-inlet 4 or 5 into tiie casing 2. The aqueous liquid, as supplied into the casing 2, is stirred 

witti tiie stin-ing-members 12 .for example, as spirally formed, while extruded toward tiie discharge outlet 10 by 

the extrusion thrust of the stimng-members 12, and ttien mixed with tiie water-absoibent resin powder as supplied from 

25 a supplying-inlet located downstream of the above supplying-inlet of tiie aqueous liquid, for example, from tiie supply- 
ing-inlet 8 or 9 con-esponding respectively, and the resultant mixture O e. hydrogel granule) is continuously discharged 
from tiie discharge outiet 10. 

In the continuous granulation process of tiie present invention, thus, tiie water-absort)ent resin powder as. for 
example, supplied from tiie supplying-inlet 8 is mixed wttii tiie aqueous liquid as supplied from a supplying-inlet located 

30 upstream of the supplying-inlet 8, for example, from the supplying-inlet 4. In ttie continuous granulation process of tiie 
present invention, therefore, when the water-absorbent resin powder is added, tiie aqueous liquid is supplied upstream 
of the water-absorbent resin powder and then stinred witii tiie stimng-members 12, as set between tiie supplying-inlets 
4 and 8. thus forming a layer of tiie aqueous liquid in tiie casing 2. 

In the continuous granulation process of tiie present invention, tiierefore. as is illustrated in Rg. 6. a water-at>sorb- 

35 ent resin powder 21 as. for example, supplied from tiie supplying-inlet 8 comes into contact witii a layer of a aqueous 
liquid 22. In tiie continuous granulation process of the present invention, therefore, tiie water-absorbent resin powder 
21 and ttie aqueous liqukj 22 <»me into contact with each otiier momentarily and uniformly as a whole, and immediately 
begin forming a granule (hydrogel granule 24). Accordingly, the continuous granulation process of the present invention 
makes it posstole to efficientiy mix the water-absortDent resin powder 21 and tiie aqueous liquid 22 witiiout water 

40 at3Sorption unevenness and thus can provide a granide with excellait granulation strength. 

In addition, the continuous granulation process of ttie present invention has advantages in that: because the aque- 
ous liquid 22 already exists where tiie water-absorbent resin powder 21 is supplied, tfiere is no prior-art problem of that 
a large amount of the water-absorbent resin powder or tiie mixture tiiereof with the acpjeous liquid sticks to tiie vidnity 
of ttie liquid injection inlet and to either or both of the inner wall of the mixer and the stirring-members as formed 

45 between the liquid irijection inlet and the discharge outiet. Therefore, the hydrogel granule 24, as obtained by tiie con- 
tinuous granulation process of the present invention, is exto-uded continuously and stably to tiie side of the discharge 
outiet 10 by ttie stirring-members 12 • • • . Incidentally, tiie water-absortjent resin powder 21. tiie aqueous liquid 22, 
and the hydrogel granule 24 in the casing 2 are subjected to tiie centrifugal force due to ttie rotation of tiie stirring-mem- 
bers 12 • • • , and most of these materials are rotated along an outer wall of the casing 2 and exti-uded to tiie side of 

so the discharge outlet 10. 

In the continuous granulation process of tiie present invention, tiie supply source of ttie water-absortDent resin pow- 
der 21 (proportioning supply machine 14) is not especially fimited. but preferably has a proportioning ability and an 
extrusion ability to a certain degree. In tiie continuous granulation process of tiie present invention, because tiie aque- 
ous liquid 22 already exists where tiie water-absorbent resin powder 21 is supplied, ttie supply source of the water- 
55 absorbent resin powder 21 is preferably such as has a proportioning supply ability ttiat is not hiiKJered by tiie aqueous 
liquid 22. Examples of the supply source satisfying such a demand include ACCU-RATE DRY MATERIAL FEEDERS 
(made by Accu-Rate Inc^) of tiie type that conveys materials by rotation of a single-shaft spiral member. 

In addition, in the continuous granulation process of ttie present invention, when tiie water-absort^ent resin powder 
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21 is granulated with the continuous extmsioh mixer 1. the mixing of the aqueous liquid 22 and the water-absorbent 
r^n powder 21 might be carried out while sipplying a gas 23 upstream of the aqueous liquid 22. This is for the pur- 
pose of preventing a danger that the inside of the continuous extrusion mixer 1 might fail into a state of reduced pres: 
sure due to the rotation of the rotary shaft 1 1 of the continuous extrusion mixer l , and that the water-absorbent resin 
5 powder 21 . the aqueous liquid 22, or a mixture thereof might therefore flow backward from the discharge outlet 10 
toward the supplying-inlete 3 to 9. Incideritally,. in the continuous extrusion mixer 1 , there is not only the above gas 23, 
but also, for exanple, a gas as generated due to vaporization of the aqueous liquid ffi^ 

The above gas 23 is not especially limited if it is inert to ttie mixing of the aqueous liquid 22 and the water-absorbent 
resin powder 21 . and preferable exanples thereof include air and a nitrogen gas. The amount of the supplied gas 23 is 
10 set to prevent the water-absorbent resin powder 21 , ttie aqueous liquid 22. or a mixture thereof from flowing backward 
from the discharge outiet 10 toward ttie supplying-inlets 3 to 9, namely, to maintain the internal pressure of the contin- 
uous extrusion mixer l within -100 to 100 mmHaO. 

When the aqueous liquid 22 is. for example, supplied irom tiie supplying-ihiet 4. tiie gas 23 is supplied from the 
supplying-inlet 3 as located upstream of the supplying-iniet 4. The supplying-position of tiie gas 23 is not especially llm- 
15 ited, but the dogging of the supplying-inlet of the gas 23 can be prevented by setting the supplying-position of tiie gas 
23 upstream of tiiat of the aqueous liquid 22. 

When the entire lengtin of the rotary shaft 1 1 present in the casing 2 is 100 % and when the discharge outiet 10 is 
made at the right end of the casing 2, tiie aqueous liquid 22 is preferably suRDlied from a supplying-inlet which is made 
above a portion of the rotary shaft 1 1 witii a length of about 0 to about 55 % from ttie end portion (left end of tiie rotary 
20 shaft 1 1 inside the casing 2 in Fig. 4) opposite to the discharge outiet 10. 

When the entire length of the rotary shaft 1 1 present in tiie casing 2 is 100 % and when tiie discharge outiet 10 is 
made at the right end of tiie casing 2. tiie water-al>sorbent resin powder 21 is preferably supplied from a supplying-inlet 
which is made above a portion of the rotary shaft 1 1 with a lengtii of about 10 to about 80 % from tiie end portion Oeft 
end of the i-otary shaft 1 1 inside tiie casing 2 in Fig. 4) opposite to tiie discharge outlet 10 (with the proviso tiiat tiie 
25 water-absorbent resin powder 21 is supplied downstream of tiie aqueous liquid 22). 

The supplying-position of the water-absorbent resin powder 21 is not especially limited if it is downstream of tiiat of 
the aqueous liquid 22. but it is preferably 1 0 to 40 % downstream of that of tiie aqueous liquid 22 when the entire lengtii 
off ttie rotary shaft 1 1 present in tiie casing 2 is 1 00 % and when ttie discharge outlet 1 0 is made at tiie right end of tiie 
casing 2. If ttie water-absorbent resin powder 21 is stpplied 10 to 40 % downstream of the aqueous liquid 22, tiien ttie 
30 aqueous liquid 22 can sufficientiy be diffused into the casing 2 to fom a layer thereof due to tiie stining-members 12 
• • • at the supplying-position of the water-absorbent resin powder 21 . so the water-absorberit resin powder 21 arid ttie 
aqueous liquid 22 can fc>e brought into contact witii each otiier with good efficiency and with no unevenness. And, in ttiis 
case, depending upon tiie revolution number of ttie rotary shaft 1 1 or upon ttie rotation speed of ttie end of tiie stirring- 
member 12. ttie distance of from ttie supplying-position of ttie water-absorbent resin powder 21 to ttie discharge outlet 
35 1 0 is preferably at least 30 %. more preferably, at least 50 %. of ttie entire lengtii of the rotary shaft 1 1 such that tiie 
residence time of tiie mixture of the water-absorbent resin powder 21 and tiie aqueous liquid 22 in ttie continuous extm- 
sion mixer 1 can suffteiently be unsured. 

Incidentally, d^^ending upon ttie distance of from ttie supplying-position of the water-absorbent resin powder 21 to 
the discharge outiet 1 0, ttie aqueous liquid 22 might not suff identty be absoit>ed into the water-absoit)ent resin powder 
40 21 , and the resultant hydrogel granule 24 tiierefore might contain fisheyes. However, if ttie continuous granulation proc- 
ess of ttie present invention is performed, tiien tiie contact between ttie water-absorbent resin powder 21 and the aque- 
ous liquid 22 is carried out witti no unevenness, so tiie stimng-memlDers 12 • • • is not hindered from stin^ing (rotating) 
due to the adhesion tiiereto off a large amount of materials such as the water-absorbent resin powder 21 or a mixture 
thereof witti ttie aqueous liquid 22. In addition, even if the resultant hydrogel granule 24 contains fisheyes immediately 
45 after discharged from the discharge outiet 10. it ttiereafler becomes uniform because the water-absorbent resin powder 
21 absorbs the aqueous liquid 22 with time. 

Examples of apparatuses, with which the present invention continuous granulation process in which tiie water- 
absorbent resin powder is supplied downstream of ttie aqueous liquid can be performed, otiier tiian tiie above contin- 
uous exti-usion mixer include: Spiral Pin Mixer made by Pacific Machinery & Engineering Co. . Ltd.; Flow Jet Mixer made 
so by Funken Powtex; and Annular Layer Mixer made by Draiswerke GmbH. 

The hydrogel granule 24. as obtained in tiie above way. preferably has an average partide diameter of 0.3 to 10 
mm. more preferably. 0.5 to 8 mm. particularly preferably. 1 to 5 mm. In ttie case where tiie average particle diameter 
of the hydrogel granule 24 is smaller tiian 0.3 mm. tiie granulation ratio might be low. and furttier ttie granulation 
strengtti of a dry granule (water-at>sortDent resin granule), as obtained by drying ttie hydrogel granule 24. might be insuf- 
55 fident. In addition, in the case where ttie average partide diameter of tiie hydrogel granule 24 is larger than 10 mm. tiie 
. physical properties might be deteriorated, or tiie fine powder content might be large. 

That is to say. for the purpose of obtaining a water-absorbing agent having still more excellent granulation strengtii 
and excellent physical properties such as ttie absorption capadty under a load or the absorption speed, it is preferable 
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to obtain a particulate hydrogel granule 24 with a moderate particle diameter and then shrink the resultant hydrogel 
granule 24 by drying. 

As is aforementioned, thus, the hydrogel granule 24 as obtained in the above way is dried, classified, and then, as 
is or after surface-crosslinked, finished up to a product as a water-absorbent resin with excellent strength properties. If 
the hydrogel granule 24 is dried, its jgranulatton strength can be enhanced, whereby the fine powder is united more 
strongly and thereby regenerated with as high a striength as a pri 

Incidentally, in the present invention, the hydrogel granule is such as has a water content of at least 10 % by weight 
of the entire hydrogel granule. The hydrogel granule may be formed irrto a water-absorbent resin granule (dry granule) 
with a water content less than 10 % by weight by drying. 

The method for the above drying is not spedffically limited, and conventional dryers or ovens are widely used. The 
drying temperature is; preferably, relatively high, concretely, in the range of 1 1 0 to 300 *C, more preferably, 1 20 to 200 
«C. particularly preferatdy. 150 to 180 ^C. If the hydrogel granule 24 is dried, its shrinkage occurs, and as a result a 
strong water-absorbent resin granule can t)e otJtalned. 

The period of time to dry the hydrogel granule 24 is preferably not shorter than a certain period of time, more pref- 
. erably. in the range of 5 minutes to 10 hours, in view of physical properties. In addition, after drying, the solid content is 
preferably not less than 90 % by weight. Incidentally, the dry-treatment may be carried out either for only the hydrojgel 
granule 24. as produced by the continuous granulation process of the present invention, or for a combination thereof 
with tfie hydrogel polymer which is obtained by the above-mentioned aqueous solution polymerization or reversed- 
phase suspension polymerization and has not yet been dried. 

Irxjidentally. in the present invention, tiie water-absorbent resin granule is a particulate aggregate witii a specific 
partide size as formed by aggregation of a plurality of water-absorbent resin powders 21 witii tiie aqueous liquid 22. 
Incidentally, that the resultant mixture of tiie water-absorbent resin powder 21 and tiie aqueous liquid 22 is a granule 
(fine powder aggregate) can be judged from a fact that tiie aggregation of individual particles (of water-absorbent resin 
powder 21) can be confirmed with a optical micrograph of tiie hydrogel granule 24 or an electron micrograph as taken 
without pulverizing a dried product of tiie hydrogel granule 24. or from a fact thai tiie particles swell as a plurality of dis- 
continuous particles in a large excess of water or an aqueous liquid. 

Incidentally, ttie above embodiment of the present inventfon has a constitution such that the discharge outlet 10 of 
tiie continuous extrusion mixer 1 is formed in ttie bottom wall of the casing 2. but the formation posrtion of the discharge 
outiet 1 0 is not necessarily limited to in tiie bottom wall of the casing 2. but may. for example, be in an end face toward 
which the water-absorbent resin powder is conveyed in the casing 2. 

Furthermore, the shape of the casing 2. namely, the shape of tiie continuous extrusion mixer, or tiie direction in 
which ttie casing 2 is fixed (set), is not especially limited, eitiier. and may. for example, be tiie shape such that the casing 
2 is fixed vertically (namely, in parallel witii ttie gravity direction). In ttiis case, tiie gravity is added to the extrusion thrust, 
whereby it might be possible to discharge ttie resultant hydrogel granule 24 more smoottily. 

As is mentioned atwve. in the continuous granulalfon process off the present invention, when ttie water-absorbent 
resin powder and the aqueous liquid are supplied into tiie continuous extrusion mixer having a plurality of supplying- 
inlets atong an arrangement of stining-members and mixed therein, the water-absorbent resin powder is supplied 
downstream of ttie aqueous liquid, whereby ttie amount of the adhesive materials adhering to ttie continuous extrusion 
mixer can be reduced to can-y out stable granulation continuously for a long term, and further a granule witti excellent 
granulation strengtii can be obtained. Incidentally, in the case where the water-absort^enl resin powder and ttie aque- 
ous liquid are not sufficientiy uniformly mixed, the aqueous liquid is not sufficiently absorbed into the central portion of 
ttie water-absorbent resin powder, and ttierefore the resultant granulation strengtii is insufficient, so the amount revert- 
ing to a ungranulated state increases due to drying and pulverizing steps. However, in ttie continuous granulation proc- 
ess of the present invention, a granule witt^ as high a strengtii as a primary particle can be obtained. 

(Effects and Advantages of the Invention): 

The present invention displays ttie following excellent properties (1) to (7). 

(1) Improvement of surface-crossIinWng effects, prevention of reproduction of fine powder, and deaease of fine 
powder content: In the case where tiie granulation is carried out by conventional processes, such as a process 
comprising granulation after crosslinking ttie surface neighbortiood of a water-absortient resin and a process com- 
prising ttie simultaneous steps of ttie granulation and ttie suriace-crosslinking off ttie water-absortaent resin, tiie 
resultant granule is fractured due to mechanical stress during or after tiie granulation, resulting in the fracture off ttie 
surface crosslinkage and in ttie deterioration of ttie physical properties. In contrast tiierewitii. in ttie present inven- 
tion, a fine powder portion is ffirst separated from ttie water-absorbent resin and then granulated, and the resuftant 
granule is mixed witti a primary particle of ttie water-absorbent resin residue as obtained by removing ttie fine pow- 
der from the water-absorbent resin in ttie above way. and tiie resultant mixture is treated wrth ttie surf^oe-crosslink- 
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ing agent. Therefore, the surface-aosslinking agent is uniformly cfistributed over the entire particles, so the water- . 
absorbent resin composition with excellent physical properties can be obtained. In other words, because the gran- 
ulation strengtfi of the granule is high, the granulation fracture due to mechanical stress is diffioilt to occur, and as 
a result the surface aosslinkage is difficult to fracture, and furttier the resultant water-absorbent resin conposition 
reproduces the fine powder only a little aind has only a low fmeiX3wde 

(2) Enhancement of physical strength. of composition:. Probably because the primary particle with high particle 
strength against mechanical stress supports the entire composition, ttie granulation fracture due to the mechanical 
stress of ttie water-absorbent resin granule in tiie composition is difficult to occur therefore, the resultant water- 
absorbent resin composition displays enhanced physical strength when compared with those which are obtained 
by surface-crosslinking either the primary particle containing the fine powder or tiie granule alone. 

(3) Synergistic effects of physical properties: Conventional water-absorbent resins contain fine powders and there- 
fore has a limitation in tiie inprovement of physical properties. The removal off tiie fine powder is not only econom- 
ically disadvantageous, but also reduces the surface area of the residue (water-absorbent resin primary particle) 
and therefore lowers the water absorption speed thereof. The production pf only the water-absorbent resin granule 
comprises complicated pioce^ steps and involves a high cost of energy However, if the water-absorbent resin pri- 
mary particle and ttie water-absoitient resin granule, which is a granulation product of the fine powder . are obtained 
from the tiie water-absorbent resin and tfien mixed and then surfoce-crosslinked in accordance with the present 
invention, the water-absorbent resin composition witii a high absorptiofi capacity under a load as well as a fast 
absorptior^ speed can be obtained. 

(4) Enhancement of granulation strength; The enhancement in ttie granulation strengtfi or in the absorption capac- 
ity under a load can further be designed using specific granulation processes. 

(5) Excellent physical properties: Granules as obtained by conventional granulation processes can bear only a low 
load of at most about 20 g/cnf because of ttie granulation fracture, but the water-absorbent resin granule as 
obtained in tiie present invention displays excellent absorption even under a high load of 50 g/cm^. Therefore, 
because of containing such a granule, tiie water-absorbent resin composition off the present invention displays a 
higher absorption capacity under a high load of 50 g/cm? ttian conventional ones, as well as excellent absorption 
speed, and further is free from tiie fine powder. In addition, tiie water-absorbent resin composition off the present 
invention preferably has tiie following properties: an absorption speed of 100 seconds or less; a water-soluble con- 
tent of 15 % by weight or lower, m>re preferably. 10 % by weight or lower; a particle size distribution of 95 % by 
weight or higher, more preferably. 98 % by weight or higher, in tenms of tiie proportion off particles witii a particle 
size of 850 to 150 ^im; and a granulation fracture ratio of 10 % or less. Incidentally, tiie measurement metiiods for 
these physical properties are specified in the below-mentioned examples of some preferred emtxxliments accord- 
ing to the present invention. 

(6) The continuous granulation process of the present invention makes effects to reduce the amount of tiie adhe- 
sive materials, adhering to ttie continuous extrusion mixer, to thereby carry out stable granulation continuously for 
a long term, and further to obtain a granule with ©ccellent granulation sto'engtii. 

(7) W096/1 3542 discloses a process in which a water-absorbent resin powder gets, first, surface-crosslinked, and 
then classified, ttius obtaining a primary particle (which has been surface-crosslinked) of a large partide diameter 
on a sieve, while granulating a fine particle (which has been surface-crosslinked) as passed through the sieve, and 
ttien the resultant granule (which has been surface-crosslinked) is mixed witii tiie above primary particle which has 
been surface-aosslinked. As is mentioned above. In such a conventional process, a water-absortjent resin powder, 
first, gets surface-crosslinked. Because ttie surface-crosslinked water-absorbent resin powder has not yet been 
classified in this stage, however, it contains a partide of a very small partide diameter. Specifically describing, tiie 
surface-crosslinked water-absortjent resin powder in tiiat stage contains not only a partide of a large particle diam- 
eter (i.e. particle obtained as a primary particle), but also a particle of a very small partide diameter Ci.e, fine parti- 
de). Therefore, in ttie case where an aqueous liquid containing a surface-crosslinking agent is added to such a 
water-absorbent resin powder, tiie fine particle absorbs tiie aqueous liquid more than the primary partide, and 
therefore is stt'ongly crosslinked. Thus, as to the particle of a large partide diameter, only its surface is crosslinked. 
whereas the fine partide is crosslinked up to its inside. The foregoing granule comprises such a fine partide as 
crosslinked up to its inside, and tiierefore is a particle inferior with regard to ttie water absorbency because of such 
an excessive crosslinWng. In comparison therewitii. as to the present invention, tiie granulation is beforehand car- 
ried out to enlarge ttie partide diameter, and tiien ttie surface-crosslinking is canried out, so ttie crosslinking of ttie 
granule can be prevented from advancing up to the inside off the granule. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, ttie present invention is more specifically illustrated by the following examples of some preferred 
embodiments in comparison witti comparative examples not according to tiie invention. However, tha invention is not 
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limrted to the below-mentioned 

The physical properties of water-absorbent resins 

(Water absorption capadty) 

A nonwoven fabric bag (60 mm x 60 mm), in which about 0^ g of a water-absorbent resin powder or conposition 
was put unifonnly, was immersed into a 0.9 wt % aqueous sodium chloride solution (physiological salt solution). After 
60 minutes, the bag was drawn up and then drained at 250 G with a centrifuge for 3 minutes. Then, weight Wi (g) of 
the bag was measured. In addition, the same procedure as the above was carried out using no water-absoibent resin, 
and weight Wp (g) of the resultaint bag was measured. 

Thus, the water absorption capacity (g/g) was calculated from these weights and Wq in accordance with tiie fol- 
lowing equation: 

water absorption capacity (g/g) « (weight W ^ (g) - weight W q (g))/0.2 (g). 
(Water-soluble content) 

Rrst 0.50 g of a water-absorbent resin powder or composition was dispersed into 1 ,000 ml of deionized water, and 
stin-ed for 16 hours, and then fntered with a fitter paper (TOYO. No.6). The solid content in tiie resuftant filtrate was 
measured to calculate the water-soluble content in accordance with the following equation: 

water-soluble component (wt %) = (liquid weight (g)) x (solid content in filtrate (wt %))/0.5 (g). 



(Absorptiori capacity under load) 

Hereinafter, a measurement apparatus as used for measuring the absorption capacity under a load is explained 
while refenring to Rg. 1 . 

As is shown in Fig. 1 , the measurement apparatus comprises: a scale 21 ; a vessel 22 of a predetermined capacity 
as mounted on the scale 21 ; an air-inhaling ppe 23; an introducing tube 24; a glass filter 26; and a measurement part 
25 as mounted on the glass filter 26. 

The vessel 22 has an opening part 22a on the top and an opening part 22b on tfie side. The air-inhaling pipe 23 is 
inserted in ttie opening part 22a of tiie vessel 22. and the introducing tube 24 is fitted to tiie opening part 22b. 

In addition, the vessel 22 contains a predetermined amount of physiological saft solution 32. The lower part of tiie 
air-inhaling pipe 23 is siiDmerged in tiie physiological salt solution 32. The air-inhaling pipe 23 is fitted to keep the inter- 
nal pressure of the vessel 22 almost atmospheric. The glass filter 26 is formed in a diameter of 55 mm. The vessel 22 
and the glass filter 26 are connected to each other tiirough tiie introducing tube 24 made of a silicone resin. In addition, 
the position and the level of the glass filter 26 are fixed relative to the vessel 22. 

The measurement part 25 comprises: a fitter paper 27; a supporting cylinder 28; a wire net 29 as attached to tiie 
bottom of tiie supporting cylinder 28; and a weight 30; and the measurement part 25 is formed by mounting the fitter 
paper 27 and the supporting cylinder 28, as bottomed witii a wire net 29. in this order on tiie glass f ater 26 and further 
mounting the weight 30 inside tiie supporting cylinder 28. namely, on the wire net 29. The wire net 29 is made of stain- 
less steel and formed in 400 mesh (mesh size: 38 jim). In addition, the upper face, namely, the contact face between 
the wire net 29 and a water-absorbent resin composition 31 . of tiie wire net 29 is set to be as high as a lower part 23a 
of the air-inhaling pipe 23. An arrangement is made such tiiat a predetermined amount of water-absorbent resin com- 
posrtipn witii a predetermined partide diameter can uniformly be spread on tiie wire net 29. The weight 30 is adjusted 
in weight such that a load of 50 g/cm^ can uniformly be applied to the water-absorbent resin composition 31 on ttie wire 
net 29. 

The absorption capacity under a load was measured witii tiie measurement apparatus having tiie above-men- 
tioned constitution. The measurement method is hereinafter explained. 

Rrst predetermined preparatory operations are made, in which, for example, a predetermined amount of the phys- 
iological salt solution 32 is placed into tiie vessel 22. and tiie air-inhaling pipe 23 is inserted into the vessel 22. Next, 
the filter paper 27 is mounted on tiie glass filter 26. and furttier. in parallel witii this mounting operation. 0.9 g of water- 
absoibent resin composition is uniformly spread inside tiie supporting cylinder 28. namely, on the wire net 29. and the 
weight 30 is then put on the water-absorbent resin composition 31 . 

Next, the wire net 29 of tiie supporting cylinder 28. on which tiie water-absoibent resin composition 31 and the 
weight 30 are put, is mounted on the fitter paper 27 concentrically wrth the glass fitter 26. 
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Then, the waght of the physiological salt solution 32. as absorbed by the water-absorbent resin composition 31 
over a period of 60 minutes since the supporting cylinder 28 is mounted on the filter paper 27, is determined from a 
measured value with the scale 21 . The same procedure as the above was carried out without using the water-absorbent 
resin composition 31 , and the weight of the physiological salt solution 32, as absorbed by rnaterials other ttian the 

5 water-absorb^ resin a)mposition 31 . such as the filter paper 27. was determined from a measured value with the 
scale 21 and regarded as a blank value. Subsequently, the correction by subtracting the blank value was carried out. 
and the net weight of the physiological salt solutfon 32. as absoibed by the water-absorbent resin composition 31 , was 
divided by the weight of the water-absorbent resin corrposition 31 (0.9 g), thus calculating an ateorption capacity (g/g) 
under a load of 50 g/cm^. . 

.10. • . . 

(Water absorption speed) 

First, various reagents were dissolved into water, thus preparing an aqueous solution containing sodium cation of 
600 to 700 ppm, calcium cation of 65 to 75 ppm, magnesium cation of 55 to 65 ppm. potassium cation of 1 .100 to 1 .200 
IS ppm. phosphorus of 240 to 280 ppm. sulfur of 450 to 500 ppm. chlorine of 1 ,100 to i ,300 pprh, and sulfuric add ion of 
1 ,300 to 1 .400 ppm. This aqueous solution was used as an artificial urine. 

Next. 0,358 g of a water-absorbent resin composition, as classified into 300 to 850 ^m with a JIS standard sieve, 
was placed into a glass-made test tube Onner diameter = about 14.1 mm, height = about 126 mm), and 10.00 g of the 
above artifidal urine was then poured into the test tube at once. The number of the seconds in time, which had passed 
20 until the entirety of the 10.00 g of the artificial urine had been absorbed by the 0.358 g of the water-absorbent resin com- 
position and had fomied a swollen gel of 28 times the original, was measured and regarded as the absorption speed. 

(Granulation strength) 

25 The granulation strength was measured by a method as disclosed in JP-A-09-23537a Hereinafter, the way to apply 
the impact force (B). as disclosed therein, is specif ically explained. 

A vessel, as used when applying the impact force (B) to the above water-absorbent resin granule, has an inner cap 
and an outer cap on a transparent glass-made vessel body wrth a height of about 10.8 cm. a diameter of about 6.2 cm. 
and a capacity off 225 g. As to such a vessel, for example, a so-called mayonnaise bottle (trade name: A-29). made by 

30 Yamamura Glass K.K.. is favorably used. In addition, preferable examples of the above glass beads are those which are 
made of soda-lime glass and used as fractional distillation fillers with an average bead diameter of about 6 mm as made 
uniform within the bead diameter range of about 5.9 to about 6.4 mm. Incidentally. 1 0.0 g of the above glass beads cor- 
respond to 31 to 33 in number of the glass beads. 

When the impact force (B) is applied to a water-absoriDent resin composition. 30.0 g thereof is placed into the ves- 

35 sel body off the above vessel along with 10.0 g off the above glass be4ds, and then the inner and outer caps are both 
closed. Then, this vessel is fixed to a dispersing machine (No. 488 dispersing machine for test, made by Toyo SeiW Sei- 
sakusho K.K.) by interposing the vessel between an upper and a lower damp as equipped to the dispersing machine, 
and a vfl&ration of a vibration speed revolution number of 750 c.p.m. is given to the vessel using an alternating electric 
power source of 100 V/60 Hz for 30 minutes. As a result, the vessel, as fixed to the dispersing machine, pivots at angles 

40 of 1 2.5'' left and right each (25** in total) to a face to which the upper and the lower damp are fitted, and simultaneously 
therewith, the vessel vibrates 8 mm back and forth each (16 mm in total), thus applying the impact force to the water- 
absorbent resin composition in the vessel. 

The fracture ratio of the water-absorbent resin composition (hereinafter referred to as "granulation fracture ratio") 
is a percentage value as determined by measuring the weight of a portion, as fractured due to tiie above application of 

45 the impact force (B) for 30 minutes and the above vibration along witii the glass beads, off the water-absorbent resin 
composition in the vessel and by dividing the above-measured weight of the fractured portion of the vibrated water- 
absoebent resin composition by the original weight of the water-absoibent resin composition as charged. 

Thus, the above granulation fracture ratio can be determined by measuring, by ROTAP Sieve Tester with JIS stand- 
ard sieves, the weight of a particle with a certain partide size (e.g., what passed through meshes of 150 jim) resultant 

so from the fracture by applying the impact force (B). PRODUCTION EXAMPLE 1-1 FOR WATER-ABSORBENT RESIN 
POWDER 

An aqueous solution was prepared by dissolving polyetiiylene glycol diacrylate of 0 05 mol % as an internal 
crosslinking agent into 5,500 g off an aqueous solution of sodium acrylate with a neuti-alization ratio of 75 mol % (mon- 
omer concentration: 33 wt %). and then degassed with a nitrogen gas for 30 minutes, and then supplied into a reaction 
55 vessel as prepared by capping a stainless-steel-made double-arm type kneader off a capacity of 10 liters having two 
Sigma type wings and a jacket. While maintaining the reaction system at 20 *C. tiie replacement with a nitrogen gas in 
the reaction system was continued. Next, while rotating the wings, 2.9 g off sodium persuKate and 0.16 g of L-ascorbic 
add were added in the form of 10 wt % aqueous solutions off them each. As a result, 1 minute after, a pdymerization 
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reaction got started and. 16 minutes after, the reaction system reached the peak temperature of 83 ''C, when the result- 
ant hydrogel pdyma- was a finely particulated one with a size of about 5 mm. Then, the stimng was further continued, 
and the resultant hydrogel polymer vms separated out 60 minutes after the initiation of the polymerization, 

The resultartt f inely-particulated hydrogel polymer was spread on a wire net .with a mesh size of 30Q jim (50 mesh) 

5 and then dried at 150 with hot air for 90 minutes. Then, the resultant dried product was pulverized with a roller mill, 
and then classified with a mesh of 850 >im, thus obtaining a pulverized waler-absotbent resin powvder (A) with an aver- 
age partide diameter of 300 nm. a particle diameter distribution where the proportion of the resin with a partde diam- 
eter smaller than 1 50 ^m was 1 5 % by weight, and a water content of 6 % by weight. 

Then, the water-ateorbent resin powder (A) was classified with a sieve of the mesh size of 150 ^m into a water- 

10 absorbent resin powder (Ai) of 850 to 150 nm and a water-absorbent resin powder (Ag) smaller than 150 ^m. Inciden- 
tally the powders (A^) and (A2) are a primary particle and a fine powder, respectively, as referred to in the present inven- 
tion. The water-absorbent resin powder (A) showed a water absorption capacity of 42 g/g and a water-soluble content 
of 10% by weight 

15 PRODUCTION EXAMPLE 1 -2 FOR WATER-ABSORBENT RESIN POWDER 

A reaction solution was prepared by dissolving trimethylolpropane triacrylate of 0.04 mol % as an internal crosslink- 
ing agent into 5.500 g of a 38 wt % aqueous solution of sodium acrylate (neutralization ratio: 75 mol %) as a monomer 
component in the same polymerization vessel as used in Production Exanple 1 -1 . Next. 2.9 g of ammonium persulfate 

20 and 0.02 g of L-ascoibic acid were added to the above reaction solution to cany out a polymerization reaction in the 
same way as of Production Example 1 -1 . The resultant hydrogel polymer was dried in the same way as of Production 
Example 1-1 and then pulverized with a roll granulator type pulverizer as equipped with three pulverizing rolls which 
were stepwise arranged at predetermined intervals (roll gaps: about 1.63 mm. about 0.43 mm. and about 0.15 mm). 
Then the resultant pulverization product was classified with a JIS standard sieve of a mesh size of 850 jim, thus obtain- 

25 ing a 'puK/erized water-absorbent resin powder (B) with an average partide diameter off 300 ^m. This water-absoibent 
resin powder (B) showed a water absorption capacity of 33 g/g and a water-soluble content of 10 wt %. 

The water-absorbent resin powder (B) was further classified with a JIS standard sieve of a mesh size of 150 pm. 
thus obtaining a water-absorbent resin powder (Bi ) of 86.3 wt % with a particle diameter of 850 to 1 50 ^m and a water- 
absorbent resin powder (B2) of 13.7 wt % with a particle diameter smaller than 150 pm. 



-Granulation Exanples and Conriposrtiohs Using Them- 

GRANULATION EXAMPLE 1 • • • granulation with preheated aqueous liquid 

35 Rrst 200 g of the water-absorbent resin powder (Ag) with a particle diameter smaller than 150 jim. as obtained in 
Production Example 1-1 above, was placed into a mortar mixer of 5 liters (the temperature of a vessel of 5 Titers in the 
mixer was kept with a bath of 70 *»C) as produced by Nishi Nihon ShikenW Seisakusho K.K. Then. 300 g off water, as 
heated to 90 *»C. was added at once while rotating the impeller off the above mortar mixer at a high speed using an alter- 
nating electric power source of 60 Hz/1 00 V. 

40 The water-absorbent resin powder (A2) was mixed with water within 10 seconds, and the resultant erttire contents 
of the mixer was a gelatinous water-absoibent resin granule with a particle diameter of about 3 to about 10 mm. In the 
mortar mixer, the water-absorbent resin granule was in pieces, and there was no sign that the granule was kneaded by 
mixing with the impeller, ... 
After the high-speed stirring in the mortar mixer for 3 minutes, the resultant water-absoibent resin granule in piec^ 

45 was separated from the mixer, and then placed on a wire net of the mesh size off 300 »im, and then dried in a hot-air 
circulation type dryer at 150 for 2 hours. Next, the resultant dry granule was pulverized with a roller mill under the 
same conditions as those in Production Example 1-1. and then classified into particles with a particle diameter off 850 
to 150 Jim. thus obtaining a water-absorbent resin granule (1) with a water absorption capacity of 42 g/g and a water- 
soluble content of 10 % by weight. The ratio of tiie water-absorbent resin granule with a particle diameter of 850 to 150 

50 Jim was 83 % of the roller mill pulverization product: Incidentally, a few particles of the water-absorbent resin granule 
(1) were extracted, and the physiological salt solution was then added dropwise to each particle, and tiie liquid-absorp- 
tion behavior was then observed. As a resurt. the collapse to small fine particles was seen with the progress off swelling. 

GRANULATION EXAMPLE 2 • • • granulation with unhealed water 

55 

The same procedure as of Granulation Example 1 carried out except that the water to be added to 200 g of the 
water-absorbent resin powder (A2) was gradually added with a spray, in other words, except tiiat it took 30 minutes to 
add 300 g of water! 
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As water was added, the water-absorbent rean powder (Ag) grew aggregated to form a huge mass witti a size of 
20 to 50 rnrri and finally; entirely became lumped and got kneaded, the resultant lumpy hydrogel aggregate was sep- 
arated from the mixer, and then sliced into the size of not larger thanIO mm with a cutter, and then placed on a wire n^t 
of the mesh size of 300 ^m. and then diied in a hot-air circulatton^e dryer at 1M 

Then the resultant dry product was pulverized whh a roller mill, and then classified into particles with a particle 
diameter of 850 to 150 jim. thus obtaining a water-absoibent resin granule (2) with a water absorption capaaty of 42 
gfg and a water-soluble content of 14 % by Weight. A few particles of the water-absorbent resin granule (2) were 
extracted, and the physiological salt solijtion was added dropwise to each particle, and the absorption behavior was 
obsen/ed. 7h^ particles swelled slowly without collapse. 

COMPARATIVE EXAMPLE 1-1 •• 'surface-crosslinkrig of granule alone 

An aqueous liquid of surtace-crosslinking agents, comprising 0.05 parts by weight of ethylene glycol diglycidyl 
ether 1 0 part by weight of propylene glycol. 3 parts by weight of water, and 0.9 parts by weight of isopropanol. was 
mixed with 100 parts by waght of the vrater-absorbent resin granule (1) as obtained in Granulation Example 1. The 
resultant mixture was heated at 195 °C for 30 minutes, thus obtaining a comparative water-absorbent resin composition 
(1) with a water absorption capacity of 33 g/g and an absorption capacity of 27 gfg under a toad. However, when thB 
swollen gel was strongly pushed with a finger, the granulation was fractured, and a fine gel with poor llquid-pemieabillty 
Was formed. 

COMPARATIVE EXAMPLE 1 -2 • • • surface-crosslinWng of priniary partide alone 

The same surface-crossllnWng as of Conparative Example 1 -1 was carried out to 1 00 parts by weight of the water- 
absoibent resin powder (A^) which was a primary particle as obtained in Production Example 1 -1 . As a result, a com- 
25 : parative water-absoitoent resin composition (2) with a vyater absorption capacity of ^ g/& and an absorption capacity 
of 27 g/g under a load was obtained. 

COMPARATIVE EXAMPLE 1-3 •• • surface-crosslinWng of mixture of primary parlicie and fine powder 

The same procedure as of Comparative Example 1-1 was candied out to the water-absorbent resin powder (A) with 
a particle diameter smaller than 850 jim as obtained in Production Example 1-1 above. As a resdt. a KXur^tNe 
water-absorbent resin composition (3) with a water absorption capacity of 33 g/g and an absorption capacity of 24 gfg 
under a load was obtained. 

35 EXAMPLE 1-1 •• 'surface-crosslinking of partide mixture 

The same procedure as of Comparative Example 1-1 was carried out to 100 parts by weight of a particle rrtxture 
comprising 15 parts by weight of the water-absorbent resin granule (1) as obtained in Granulation Example 1 and 85 
parte by weight of the water-absorbent resin powder (AO which was a primary particle as obtained in Production Exam- 
40 pie 1 -1 . As a result a water-absorbent resin composition (1 ) was obtained. 

GRANULATION EXAMPLE 3 • • •granulation with specific mixer 

The water-absorbent resin f ine powder (Bg). as obtained in Production Example 1-2 above, and ion-exchanged 
water were continuously mixed by projecting the water-absorbent resin fine powder (Bg) Into the continuous extrusion 
mixer 1 of Fig. 2 at a rate of 2 kg/minute and. in parallel therewith, projecting the ion-exchanged water from the liquid- 
supplying inlet 4 with a diameter of 5 mm of the above continuous extrusion mixer 1 in a ratio of 130 parts by weight per 
100 parte by weight of the water-absoibent resin fine powder (Bg). As a result, a particulate uniform gelatinous water- 
absotbent resin granule was continuously discharged from the discharge outlet. The resultant partculate gelatnous 
granule was an aggregate of each partide. and most thereof was a unifbmn gelatinous granule with a particle diameter 
of about 1 mm to about 5 mm. In addition, the above gelatinous granule had a solid content of 43.6 % by weight. Inci- 
dentally, the solid content of the gelatinous granule is the amount (content) of the water-absoibent resin in the gelaH- 

nousgranule. ^ ■ ^ i^i. u 

The above gelatinous granule was spread into a thickness of about 5 cm on a JIS standard wire net of the mesh 
size of 300 urn and then dried with a hot-air drculation type dryer of 180 'C. As a result, the above gelatinous granule 
was dried uniformly and suff idently so as to have a solid content of at least 90 wt %. thus obtaining a powdery dry gran- 
ule of which the partides could easily be pulverized even by hand. The proportion of lumps larger than 10 mm in the 
dry granule was only 5 %. 
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\ Next, this dry granule was pulvierized with the foregoing roller mill (however, the roll gaps were widened and finally, 
evened to a)0ut 0.27 mm) and then classified with a JIS standard siwe of a mesh size of 850 pm. thus obtaining a 
water-absortjent r^in granule (3). 

The particle size distribution was measured for the water-absorbent resin granule (3), the water-absorbent resin. 

5 powder (B); the water-absorbent resin powvder {&|). and the water-absorbent resin fine powder [B^, as obtained in the 
above ways, and results thereof are shown in Table 2. In adcfition, in spite of the use of the water-absoibent resin fine 
powder (B2). the water-absoitjent resin granule (3) was a granule (aggregate) of particles, of which about 80 % had a 
partide diameter of 300 to 850 pm, and as a result, the water-absorbent resin granule (3) was a granule (aggregate) 
which had such a high granulation strength that the granulation fracture ratio, as defined by the impact force (B). was 

10 2.4 wt%. 

GRANULATION EXAMPLE 4 • • • granulation with preheated aqueous liquid in specific mixer 

The same procedure as of Granulation Example 3 was carried out except that the temperature of the ion- 
15 exchanged water, as used for the granulation, was changed from room temperature to 90 ^C. As a result an adhesion 
of the water-absorbent resin to the mixer, which had slightly been seen in Granulation Example 3. was hardly seen in 
the present granulation example, so the continuous granulation ability was further improved. 

COMPARATIVE EXAMPLE 1 -4 • • • surface-crosslinking of water-absorbent resin granule alone 

20 . 

A surface-crosslinking agent, comprising 0.05 parts by weight of ethylene glycol diglycidyl ether, 0.75 parts by 
weight of glycerol. 3 parts by weight of water, 0.75 parts by weight of isopropanol. and 0.5 parts by weight of lactic add, 
was mixed with 100 parts by weight of the water-absort>ent resin granule (3) as obtained in Granulation Example 3. The 
resultant mixture was heated at 200 **C for 40 minutes, thus obtaining a comparative water-absorbent resin composition 
25 (4) with a water absorption capacity of 28 g/g and an absorption capacity of 23 g/g under a load. 

COMPARATIVE EXAMPLE 1 -5 • • • surface-crosslinking of primary partide alone 

A comparative water-absorbent resin composition (5) was obtained by carrying out the same surface-crosslinking 
30 as of Comparative Example 1 -4 to 100 parts by weight of the waler^absorbent resin powder (Bi) which was a primary 
partide as obtained in Production Example 1-2, The resultant comparative water-absort>ent resin composition (5) 
showed a water absorption capacity of 28 g/g and an absorption capacity of 25 g/g under a load. 

COMPARATIVE EXAMPLE 1 -6 • • • surface-crosslinking of mixture of primary particle and fine powder 

35 

A comparative water-absorbent resn composition (6) was obtained by carrying out the same surface-crosslinking 
as of Comparative Example 1 -4 to the water-absorbent resin powder (B) with a particle diameter smaller than 850 jim 
as obtained in Production Example 1-2 atx)ve. The resultant comparative water-absorbent resin composition (6) 
showed a water absorption capacity of 28 g/g and an absorption capacity of 22 g/g under a load. 

40 . . 

EX/^PLE 1-2 - • •surface-crosslinking of particle mixture 

A waler-absort>ent resin composition (2) was obtained by carrying out the same procedure as of Comparative 
Exarrple 1-2 to 100 parts by weight of a particle nibcture comprising 13.7 parts by weight of the water-absorbent resin 
45 granule (3) as ot^tained in Granufation Example 3 and 86.3 parts by weight of the water-absorbent resin powder (Bi) 
which was a primary particle as obtained in Production Example 1-2. The resultant water-at>sofbent resin composition 
(2) showed a water absorption capacity of 28 g/g and an absorption capacity of 25 g/g under a load. 

EX/^MPLE 1-3 • surface-crosslinking of particle mixture 

so 

The water-absorbent resin powder (1). as obtained in Example 2-1 below, was classified with a sieve of the mesh 
size of 500 ^im and a sieve of the mesh size of 150 ^m, thus obtaining a water-absorl)ent resin granule with a particle 
diameter of 500 to 150 ^lm. Then, a water-absorbent resin composition (3) was obtained by carrying out the same pro- 
cedure as of Comparative Example 1-1 to 100 parts by weight of a particle mixture comprising 15 parts by weight of the 
55 water-absorbent resin granule as obtained Immediately above and 85 parts by weight of the water-absorljent resin pow- 
der (A^ which was a primary partide as obtained in Production Exanriple 1 -1 . 
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EXAMPLE 1 -4 • • • mixing of suriace-crosslinked product of water-absorbent resin primary particle and surface- 
crosslinked product off >fl«ter-absoibent resin g 

A water-absorbent resin compositibn (4) was obtained by uniformly mixing 40 parts by weight of the comparative 
5 water-absorbeit resin composition (1). as obtained in Comparative Example 1-1 . with 60 parts by weight off the com- 
parative water-absorbent resin composition (5) as obtained in Comparative Example 1-5. 

Results off the Examples and tiie Comparative Examples, as mentioned above, are shown iri Table 1 . 

As is shown in Table 1 , the water-absorbent resin corrpositions. according to the present invention, show an excel- 
lent absorption of at least 25 g/g even under a high load of 50 g/cm^ unlike conventional ones not according to tiie 
10 present invention, and further are very excellent in tiie absorption speed and tiie particle size disti-ibution because of 
the granule content In addition, as to tiie examples in which the particle mixtures were used according to tiie present 
invention, because the primary particle witti high mechartical strength supports the entire composition, tiie fracture of 
the swollen gel that is seen in Comparative Examples 1-1 and 1-4 (cases off granule alone) is substantially not seen. 



Table 1 







Water absorption 
capacity (g/g) 


Absorption 
capacity under 
load (g/g) 


Water absorption 
speed (seconds) 


Gel fracture 


Granulation f rac- 
ture ratio (%) 


20 


Conparative 
Exahiple 1-1 
(granule alone) 


33 


27 


50 


seen 


2.5 


25 


Comparative 
Exanple 1-2 (pow- 
der (A^) alone) 


33 


27 


140 


none 


0 


30 


Comparative 

der(A)) 


33 


24 


120 


none 


■- 




Example 1-1 (par- 
ticle mixture) 


33 


27 


95 


none 


0.3 


35 


Comparative 
Example 1 -4 
(granule alone) 


28 


23 


50 


seen 


2.1 




Comparative 
Example 1-5 (pow- 
der (Bi) alone) 


28 


25 


140 


none 


0 


40 


Comparative 
Example 1-6 (pow- 
der (B)) 


28 


22 


120 


none 




45 


Example 1-2 (par- 
ticle mixture) 


28 


25 


90 


none 


0.2 




Example 1-3 (par- 
ticle mixture) 


33 


27 


85 


none 


0.1 


SO 


Example 1-4 (par- 
ticle mixture) 


31 


26 


95 


partially seen 


0.9 



In addition, the respective particle size disti-ibutioh of the powder (B), the powder (B^). tiie fine powder (Bg), and the 
granule (3). as obtained above, are shown in Tat)le 2 below. 
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Table 2 



Particle size distribution 
Oim) 


850/500 


500/300 


300 /150 


150/75 


75 or less . 


Powder (B) 


7.0 


42.3 


37.0 


9.8 


3.9 


Powder (B;t) 


8.1 


49.1 


42,9 


0 


0 


Fine powder (82) 


0 


0 


0 


71.5 


28.5 


Granule (3) 


19.7 


58.0 


15.6 


5.2 


2.4 



GRANULATION EXAMPLE 5 

15 . 

First 400 g of the water-absorbent resin powder (A2) with a particle diameter smaller than 150 ^m. as obtained in 
Production Example 1-1. was placed into LOdige Mixer M-5 (trademark) of 5 liters as produced by GebrOder LAdige 
Maschinenbau GmbH. Then; 600 g of water, as heated to 90 *»C. was injected from a funnel at once while rotating the 
impeller of the above mixer at a high speed using an aKernating electric power source of 60 Hz/1 00 V. 
20 The water-absorbent resin powder (A2) was mixed with water within 10 seconds, and the resultant entire contents 
of the mixer was a gelatinous water -absorbent resin granule with a particle diameter of about 1 to about 5 mm. In the 
Ladige Mixer, the water-absorbent resin granule was in pieces, and tiiere was no sign that the granule was kneaded by 
mixing with the impeller. 

After the high-speed stin-ing in the Lfidige Mixer for 1 minute, the resultant water-absoibent resin granule was sep- 
25 arated from the mixer, and tiien dried in the same way as of Granulation Example 1 . As a result, tiie granule was uni- 
formly and sufficientiy dried. 

Next, the resultant dry granule was pulverized with the foregoing roller mill under the same conditions as those in 
Production Example 1-1, and then classified into particles with a particle diameter of 850 to 150 nm. thus obtaining a 
water-absorbent resin granule (5) with a water absorption capacity of 42 g/g and a water-soluble content of 10 % by 
30 weight. The ratio of tiie water-absorbent resin granule with a particle diameter of 850 to 1 50 urn was 82 % of the pul- 
verization product. 

A few particles 0I tiie water-absorbent resin granule (5) were extracted, and the physiological salt solution was then 
added dropwise to each particle, and tiie liquid-absorption behavior was then ot>served. As a result, tiie collapse to 
small fine particles was seen with tiie progress of sweiUng. 

35 

GRANULATION EXAMPLE 6 

A water-absorbent resin granule in pieces in tiie same state as of Granulation Exarrple 1 was obtained in the same 
way as of Granulation Example 1 except that tiie amount of the heated water was 200 g. The resultant water-absorbent 
40 resin granule was treated in the same way as of Granulation Example 1 and then classified into particles with a particle 
diameter of 850 to 150 ^im, thus obtaining a water-absoibent resin granule (6) with a water absorption capacity of 42 
g/g and a water-soluble content of 11 % by weight. The ratio of ttie water-absorbent resin granule (6) with a particle 
diameter of 850 to 1 50 tim was 80 % of the pulverization product from the roller mill. 

45 GRANULATION EXAMPLE 7 

A water-absorbent resin granule in pieces in tiie same state as of Granulation Example 1 was obtained in the same 
way as of Granulation Example 1 exc^ that tiie amount of the heated water was 450 g. The resultant water-absorbent 
resin granule was treated in the same way as of Granulation Example 1 and then classified into particles with a particle 
50 diameter of 850 to 150 jim, thus obtaining a water-absorlDent resin granule (7) with a water absorption capacity of 42 
g/g and a water-soluble cont^ of 10 % by weight. The ratio of ttie water-absorbent resin granule (7) with a particle 
diameter of 850 to 150 jim was 84 % off the pulverization product from the roller mill. 

GRANULATION EXAMPLE 8 

55. 

A water-absort)ent resin granule in pieces in ttie same state as of Granulation Example 1 was obtained in the same 
way as of Granulation Example 1 except tiiat the temperature of ttie heated water was 70 **C. The resultant water- 
absorbent resin granule was treated in the same way as of Granulation Example 1 and then classified into particles witii 



28 



BNSOOCID: <EP 0885917A2J.> • 



EP 0 885 917 A2 



a particle diameter of 850 to 1 50 urn, thus obtaining a water-absortjent resin granule (8) with a water absorption capac- - 
hy of 42 g/g and a water-soluble content of 10 % Ijy weight. The ratio of the water-absorbent resin granule (8) with a 
partide diameter of .850 to 1 50 >im was 84 % of the pul^^ 

5 GRANULATION EXAMPLE S . 

Rrst, 300 g off water of 80 was placed into a mortar mixer of 5 liters (the temperature of a vessel of 5 liters in the 
mixer was kept with a bath of 80 ^C) as produced by Nishi Nihon Shikenki Seisakusho K.K. Then, 200 g of the water- 
absorbent resin powder (Ag) with a particle diameter smaller than 1 50 firn as obtained in Production Example 1 -1 . was 
w added at once while rotating the impeller of the above mortar mixer at a high speed using an alternating declrto power 
source of 60 Hz/100 V. 

The water-absorbent resin powder (A2) was mixied with water within 10 seconds, and the resultant entire contents 
of the mixer was a gelatinous water-atjsorbent resin granule with a particle diameter of about 3 to about 10 mm. In the 
mortar mixer, the water-at5sorbent resin granule was in pieces, and there was no sign that the granule was kneaded by 
15 mixing with the impeller. . . 

After the high-speed stirring in the mortar mixer for 3 minutes, the resultant water-absorbent resin granule in pieces 
was separated from the mixer, and then placed on a wire net of the mesh size of 300 ^m (50 mesh), and then dried In 
a hot-air circulation type dryer at 150 for 2 hours. 

Next, the resultant dry granule was pulverized with the foregoing roller mill under the same conditions as those in 
20 Productkin Example 1 -1 , and then classified ihtp particles with a partide diameter of 850 to 150 jim, thus obtaining a 
water-absorbent resin granule (9) wifli a water absorption capacity of 42 g/g and a water-soliAjle content of 10 % by 
weight. The ratio of tiie water-absorbent resin granule (9) with a particle diameter of 850 to. 150 >im was 84 % off the 
pulverization product. 

25 GRANULATION EXAMPLE 10 

Water was added to the water-absorbent resin powder (A2) under high-speed stirring in the mortar mixer off 5 liters 
(produced by Nishi Nihon Shikenki Seisakusho K.K.) in the same way as of Granulation Example 1 except that the tem- 
perature of 300 g of water to be added to 200 g of the water-absorbent resin powder (Ag) was 20 *'C. 
30 It took about 40 seconds to mix the water-absorbent resin powder {A2) with water, and a huge united lumpy gel was 
formed, so no water-absorbent resin granule in pieces was obtained. 

PRODUCTION EX/^MPLE 2-1 FOR WATER-ABSORBENT RESIN POWDER 

35 A reaction solution was prepared by dissolving polyethylene glycol diacrylate (average molecular weight: 478) of 
0.05 md % as an internal crosslinking agent into a 33 wt % aqueous solution of sodium acrylate (hydrophilic monomer) 
with a neutralization ratio of 75 mol %. Next, a nitrogen gas was introduced into this reaction solution to decrease the 
amount of dissolved oxygen therein to not more than 0.1 ppm. Then, the reaction solution was supplied into a reaction 
vessel as prepared by capping a stainless-steel-made double-arm type kneader having two sigma type wings and a 

40 jacket. The reaction solution was adjusted to 20 «C. and the interna! atmosphere off the reaction vessel was replaced 
with a nitrogen gas. Subsequently, while stimng ttie reaction solution, sodium persulfate and L-ascoitjic acid were 
added thereto as polymerization initiators in ratios of 0.14 g/mol and 0.008 g/mol, respectively, relative to the sodium 
acrylate. . 

Pss a result. 1 minute after tiie addition of the polymerization initiators, a polymerization reaction got started and, 16 
45 minutes after, the reaction solution reached tiie peak tenperature of 83 '^C, when the resultant hydrogel polymer was a 
finely particulated one with a size of about 5 mm. Then, tiie stirring was furtiier continued, and the reaction had been 
finished 60 minutes after the initiation of the polymerization, and the resultant finely particulated hydrogel polymer was 
then separated. 

This finely-particulated hydrogel polymer was spread on a wire net and ttien dried at 160 •C with a hot-air dryer for 
so 65 minutes. Then, the resultant dried product was pulverized witii a roll granulator (made by Mppon Granulator K.K.). 
and tiien classified with a sieve of tiie mesh size of 500 pm. and further the residue of tiie dried product on tiie sieve 
was pulverized and classified again, tiius obtaining an irregular pulverized water-absorbent resin powder (C) wfth an 
average particle diameter of 300 ^im and a particle diameter distribution where ttie proportion off particles witii a particle 
diameter of not larger than 1 05 jim was 1 5 % by weight 
55 Then, ttie resultant water-absorbent resin powder (C) was classified with a sieve of the mesh size of 105 nm. thus 
obtaining a water-absorbent resin powder (Ci) with a particle diameter of 1 05 to 500 nm. but not includinjg 105 jim, and 
a water-absorbent resin powder (C2) with a particle diameter of not larger ttian 1 05 ^im. 
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PRODUCTbN EXAMPLE 2-2 FOR WATER-ABSORBENT RESIN PdV^ 

A reaction solution was prepared by dissolving polyethylene glycol diacrylate (average nrroiecular weight: 478) of 
0.04 mol % as an internal crosslinking agent Into a 35 wt % aqueous solution of socfium acrylate (hydrophilic monomer) 
5 with a neutralization ratio of 65 mol %. Next, a nitrogen gas was introduced into this reaction solution to decrease the 
amount of dissolved oxygen therein to not more than 0.1 ppm. 

Next, the reaction solution was injected in a thickness of 23 mm Into a stainless butt of which the inner surface vyas 
coated with Teflon. Then, the lipper portion of this stainless txitt was sealed with an acrylic-resin-made cap having a 
nitrogen-introducing inlet, an exhaust ventage, and a polymerization-initiator-projecting inlet Next this stainless butt 
10 was immersed into a water bath of 1 8 ^'C to adjust the tenrperature of the reaction solution to 1 8 **C while introducing a 
nitrogen gas into the reaction solution to decrease the amount of dissolved oxygen therein to not more than 0.5 ppm. 
Subsequently V-50 (azo type polymerization initiator made by Wako Pure Chemical Industries. Ltd.), L-asoorbic add, 
ard hydrogen peroxide were added as polymerization initiators to the reaction solution in ratios of 0.02 g/mol, 0.0018 
g/mol. and 0.0014 g/mol. respectively, relative to the sodium acrylate. arKi they weriB mixed 
,15 As a resuH, 1 minute after the addition of the polymerization initiators, a polymerization reaction got started. After 
confirming the polymerization initiation, the above stainless butt was immersed into a water bath of 10 **C up to the 
height of 10 mm from the bottom of the stainless butt. Twelve minutes after the addition of the polymerization initiators, 
the reaction solution reached the peak temperature (82 **C). Then, the water bath of 10 «C was replaced with a water 
bath of 60 **C, in which the stainless butt was held for 60 minutes to finish the reaction. 
20 Then, the resultant hydrogel polymer was separated from the stainless butt and then pulverized with a meat chop- 
per having dice of 9.5 mm in diameter (No. 32 nrwdel chopper made by Hiraga Kbsakusho K.K.) and then dried at 160 
for 65 minutes. Then, the resultant dried product was pulverized with a roll granulator (Nippon Granulalor K.K.). and 
then classified with a sieve of the mesh size of 500 ^m. and further the residue of the dried product on the sieve was 
pulverized and classified again, thus obtaining an in-egular pulverized water-absorbent resin powder (D) with an aver- 
ts age particle diameter of 280 jim and a particle diameter distribution where the proportion of particles with a particle 
diameter of not larger than 1 05 ^m was 1 8 % by weight 

Subsequently, an aqueous solution of surface-aosslinldng agents, comprising 0.03 parts by weight of ethylene gly- 
col diglycidyl ether. 1 part by weight of propylene glycol. 3 parts by weight of water, and 1 part by weight of isopn^panol. 
was mixed with 100 parts by weight of the at>ove water-absorbent resin powder (D). The resultant mixture was heated 
30 at 1 95 **C for 40 ifiinutes. thus obtaining a surface-crosslinked water-al)Sorbenl resin powder (D*). 

Then, the resultant water-absorbent resin powder (D*) was classified again with a sieve of the mesh size of 850 jim 
and a sieve of the mesh size of 1 05 jim. thus obtaining a water-absorbent resin powder (D*i) with a particle diameter of 
105 to 850 pm. but not including 105 jim, and a water-absorbent resin powder (Dy with a particle diameter of not larger 
than 105 pni. 

35 Next, the water-absorbent resin powders with a particle cfiameter of not larger than 105 as obtained in the 
above production examples, were granulated as follows: 

EXAMPLE 2-1 

40 Air was supplied irrto the continuous extrusion mixer 1 of Rgs. 4 and 5 from one end portion thereof, namely, from 
the supplying-inlet 3 as made at the left end in Fig. 4. to keep the reduced pressure inside the casing 2 of the continuous 
extrusion mixer 1 not higher than 5 mmHaO, while water as preheated to 80 ^'C was supplied at a rate of 165 kg/hr from 
the supplying-inlet 4 as made at a distance of 1 40 mm from the left end of the casing 2 wherein the entire length off the 
rotary shaft 1 1 present in the casing 2 of the continuous extrusion mixer 1 was 475 mm. 

45 On the other hand, the water-absorbent resin powder (Cg), as obtained in Production Example 2-1 , was supplied 
with a proportioning supply machine (made by Accu-Rate Inc.) at a rate of 1 1 0 kg/hr into the continuous extrusion mixer 
1 from the supplying-inlet 8 as made at a distance of 228 mm from the left end of the rotary shaft 1 1 in the casing 2 
(about 52 % downstream off the discharge outlet 1 0 wherein the entire length of the rotary shaft 1 1 was 1 00 %) . and the 
stin-ing-members 12 were rotated at 1,000 rpm, thus continuously mixing the water-absorbent resin powder (C2) and 

50 water 

As a result a particulate hydrogel granule (1 ) with a partide dijameter of 1 to 5 mm was continuously obtained from 
the discharge outlet 10 as made at the right end of the continuous extrusion mixer 1. At each time of (1) 10 minutes, (2) 
30 minutes, and (3) 60 minutes after the mixing initiation, the mixing was stopped to measure the weight of the contin- 
uous extrusion mixer 1 to evaluate the amount of adhesive materials as adhered to inside the continuous extrusion 
55 mixer 1 along with such adhered state. As a result at any time of (1) to (3) above, it was seen that only a small amount 
of a mixture of water and the water-absortDent resin powder (Cy adhered mainly to the periphery of the supplying-inlet 
8 in the continuous extrusion mixer 1 , but that did not influence the mixing (stirring). In addition, at any time of (1) to (3) 
above, the weight of the above adhesive materials was in the range off 440 to 460 g. 
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then, the resuftaht hydrogel granule (1) was spread on a wire net and then dried at 160 *C with a hot-air dryer for 
65 rnnutes. Then, the resultant dried product was pulverized with a roller mill (made by Meiji Machine K.K.). and then 
classified with a sieve of the mesh size of 500 jim, and further the residue of the dried product on the sieve was pulver- 
ized and classified again in the same way as of Production Example 2-1 , thus obtaining an irregular pulverized water- 
5 absorbent resin powder (1) with an average particle diameter of 3(X) |jm and a particle diameter distribution where the 
. proportion of particles with a particle diameter of not larger than 105 urn was 18 % by weight, from which it would be 
understood thai the above hydrogel granule (1) was a granule with alinost as high a strengtti as a primary particle. 

EXAMPLE.2-2 

10' , "• ■ 

The water-absorbent resin powder (C2) and water were continuously mixed in the same way as of Exartple 2-1 
except that the water-absorbent resin powder (C2) was supplied into the continuous extrusion mixer 1 from the supply- 
ing-inlet 9 as made at a distance of 31 7 mm from the left end of the rotary shaft 1 1 in the casing 2 (about 33 % down- 
stream of the discharge outlet 1 0 wherein the entire length of the rotary ^afl 1 1 was 1 00 %). 

15 . As a result, a particulate hydrogel granule (2) with a partide diameter of 1 to 5 mm was continuously obtained from 
the discharge outlet 10 of the continuous extrusion rnixer 1 . Incidentally, the hydrogel granule (2) coritained a small 
amount of fisheye-like water-absorbent resin powder (about 3 % by weight) immediately after discharged from the dis- 
charge outlet 10, txit became uniform soon. 

In addition, an evaluation was made about the amount of adhesive materials as adhered to inside the continuous 

20 extrusion mixer 1 along with such adhered state in the same way as of Example 2-1 . As a result, at any time, rt was seen 
that only a small amount of a mixture of water and the water-absortaent resin powder (C2) adhered mainly to the periph- 
ery of the supplying-iniet 9 in the continuous extrusion mixer 1 . but that did not influence the mixing (stirring). In addition, 
at any time, the weight of the above adhesive materials was in the range of 450 to 470 g- 

Then, the resultant hydrogel granule (2) was dried, pulverized, and classified in the same way as of Example 2-1 . 

25 thus obtaining an inregular pulverized water-absorbent resin powder (2) with an average partide diameter of 300 jim 
and a partide diameter distribution where the proportion of particles with a partide diameter of not larger than 1 05 ^lm 
was 19 % by weight, from which it would be understood that the above hydrogel granule (2) was a granule witii almost 
as high a strengtii as a primary partide. 

30 EXAMPLE 2-3 

The water-absorbent resin powder (Dy and water were continuously mixed in the same way as of Example 2-1 
except that the water-absorbent resin powder (C2) was replaced witii the water-absorbent resin powder (Oy as 
obtained in Production Example 2-2. . 

35 As a result, a particulate hydrogel granule (3) with a partide diameter of 1 to 5 mm was continuously obtained from 
the dscharge outlet 10 of tiie continuous extrusion mbcer 1. An evaluation was made about tiie amount of adhesive 
materials as adhered to inside the continuous extrusion mixer 1 along with such adhered stale in tiie same way as of 
Example 2-1 . As a result, at any time, it was seen tiiat only a small amount of a mixture of water and the water-afc)sorb- 
ent resin powder (Dy adhered mainly to the periphery of the supplying-inlet 8 in the continuous extrusion mixer 1. but 

40 tiiat did not influence the mixing (stirring). In addition, at any time, tiie weight of tiie above adhesive materials was in 
tiie range of 400 to 430 g. 

Then, the resultant hydrogel granule (3) was dried, pulverized, and classified in the same way as of Production 
Example 2-2. thus ofcrtaining an irregular pulverized water-absorbent resin powder (3) with an average particle diameter 
of 280 ^im and a particle diameter distribution where the proportion of particles with a particle diameter of not larger 
45 than 105 \sm was 20 % by weight from which it would be understood that tiie above hydrog^ granule (3) was a granule 
witti almost as high a strength as a primary partide. 

EXAMPLE 2-4 

so The water-absorbent resin powder (C2) and water were continuously mixed in tiie same way as of Example 2-1 
except that the supplying-rate of water was changed from 1 65 kg/hr to 260 kg/hr. 

As a result, a particulate hydrogel granule (4) with a partide diameter of 1 to 5 mm was continuously obtained from 
the dscharge outiet 10 of the continuous extrusion nrdxer 1. An evaluation was made about tiie amount of adhesive 
materials as adhered to inside the continuous extrusion mixer 1 along with such adhered state in the same way as of 

55 Example 2-1 . As a result, at any time, it was seen that only a small amount of a mixture of water and tiie water-absortj- 
ent resin powder (C2) adhered mainly to ttie periphery of ttie sipplying-inlet 8 in tiie continuous extrusion mixer 1, but 
that did not influence tiie mixing (stirring). In addition, at any time, the weight of tiie above adhesive materials was in 
the range of 250 to 320 g. 
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Then, the resultant hydrogel granule (4) was dried, pulverized, and classrfied in the same v/ay as of Example 2-1 , 
thus obt^ning ah in'egular pulverized water-absorbent resin powder (4) wrth an average partide diameter of 300 \im 
arcJ a particle diameter distribution where the proportion of particles w ti a particle diameter of not larger than 105 \sm 
was 15 % by weight, from which it would be understood that the above hydrogel granule (4) was a granule with almost 
as high a strength as a primary particle . 

COMPARATIVE EXAMPLE 2-1 

The water-absorbent resin powder (C2) and water were continuously mixed in the same way as of Example 2-1 
except that the water-absorbent resin powder (C2) was supplied into the continuous extrusion mixer 1 from the supply- 
ing-inlet 3 as made at the left end in the casing 2, in other words, the water-absorbent resin powder (C2) was supplied 
upstream of water. 

As a result, a particulate comparative hydrogel granule (1 ) with a particle diameter of 1 to 1 0 mm was obtained from 
the discharge outlet 10 of the continuous extrusion mixer 1. The comparative hydrogel granule (1) contained a fisheye- 
like water-absorbent resin powder of about 15 % by weight. An evaluation was made about the amount of adhesive 
materials as adhered to inside the continuous extrusion mixer 1 along with such iadhered state in the same way as of 
Exarrple 2-1 . As a result, in 10 minutes after the mixing initiation, a large amount of a mixture of water and the water- 
absorbent resin powder (C2) adhered mainly to the above supplying-inlet 3 and the stimng-members 12 • • • as 
located between the supplying-inlets 3 and 4. so the mixing became difficult to continue, when the weight of the above 
adhesive materials was 1 .520 g. 

Then, the resultant comparative hydrogel granule (1) was dried, pulverized, and classified in the same way as of 
Exanple 2-1 . thus obtaining an in'egular pulverized comparative water-absorbent resin powder (1) with a particle diam- 
eter cSstribution where the proportion of particles with a particle diameter of not larger than 1 05 jim was 25 % by weight. 

COMPARATIVE EXAMPLE 2-2 

The water-absorbent resin powder (C2) and water were continuously mixed in the same way as of Example 2-1 
except that the water-at>sorbent resin powder (C2) was supplied into the continuous extrusion mixer 1 from the supply- 
ing-inlet 7 as was made at a distance of 1 40 mm from the left end of the rotary shaft 1 1 in the casing 2 and was different 
from the supplying-inlet 4. in other words, the water-absorbent resin powder (C2) and water were supplied from the 
same position, but separately. 

As a result, a particulate comparative hydrogel granule (2) with a particle diameter of 1 to 10 mm was obtained from 
the discharge outlet 10 of the continuous extrusion mixer 1. The comparative hydrogel granule (2) contained a fisheye- 
like water-absorbent resin powder of about 10 % by weight. An evaluation was made about the amount of adhesive 
materials as adhered to inside the continuous extrusion mixer 1 along with such adhered state in the same way as of 
Example 2-1 . As a resuH. a mixture of water and the water-absorbent resin powder (C2) adhered mainly to the periphery 
of the siwlying-inlet 7 and to upstream thereof, namely, to the stimng-members 12 • • • as located between the sup- 
plying-inlets 3 and 7. in the continuous extrusion mixer 1 , and therefore, 30 minutes after the mixing initiation, the mixing 
became difficult to continue, when the weight of the above adhesive materials was 1 .300 g. . 

Then, the resultant comparative hydrogel granule (2) was dried, pulverized, and classified in the same way as of 
Example 2-1 , thus obtaining an irregular pulverized comparative water-absorbent resin powder (2) with a particle diam- 
eter distribution where the proportion of particles with a particle cfiameter of not larg«- than 1 05 ^im was 22 % by weight. 

EXAMPLE 2-5 

The water-absorbent resin powder {C2) and water were continuously mixed in the same way as of Example 2-1 
except that the supplying-rate of the water-absort)ent resin powder (C2) was changed from 110 kg/hr to 65 kg/hr. and 
that the si^splying-rate of water was changed from 1 65 kg/hr to 65 kg/hr. and that the temperature of water was changed 
from 80 ^'C to 70 ^'C. 

As a result a particulate hydrogel granule (5) with a particle diameter of 1 to 5 mm was continuously obtained from 
the discharge outlet 10 of the continuous extrusion mixer 1. An evaluation was made about the amount of adhesive 
materials as adhered to inside the continuous extrusion mixer 1 along with such adhered state in the same way as of 
Example 2-1 . /Vs a result, at any time, it was seen that only a small amount of a mixture of water and the water-absorb- 
ent resin powder (C2) adhered mainly to the periphery of the supplying-inlet 8 in the continuous extrusion mixer 1. but 
that did not influence the mixing (stirring). In addition, at any time, the weight off the above adhesive materials was in 
the range of 500 to 550 g. 

Then, the resultant hydrogel granule (5) was dried, pulverized, and classified in the same way as of Example 2-1 , 
thus obtaining an irregular pulverized water-absorbent resin powder (5) with an average partide diameter of 310 urn 
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and a particle diameter distribution where the proportion of particles with a partide diameter of not larger than 105 |im 
was 20 % by weight, from which it would be understood that the above hydrogel granule (5) was a granule with almost 
as high a strength as a primary partide. 

EXAMPLE 2-6 

The water-absorbent resin powder (Dy and water were continuously mixed in the same way as of Example 2-3 
except that the supplying-rate of the water-absorbent resin powder (Oy was changed from 1 10 kg/hr to 66 kg/hr, and 
that the supplying-rate of water was changed from 1 65 l<g/hr to 54 kg/hr. and that the temperature of water was changed 
from 80 to 90 *C. and that the revolution number of the stimng-members 1 2 was changed froiTi 1 ,000 rpm to 1 ,500 

"^"^ As a result, a particulate hydrogel granule (6) with a partide diameter of 1 to 5 mm was continuously obtained from 
the discharge outlet 10 of ttie continuous extaision mixer 1. An evaluation was made about tiie amount of adhesive 
materials as adhered to Inside the continuous extrusion mixer 1 along with such adhered state in tiie same way as of 
Example 2-1 . As a result at any time, it was seen that only a small amount of a mixture of water and the water-absorb- 
ent resin powder (Dy adhered mainly to the periphery of the supplying-inlet 8 in tiie continuous extrusion mixer 1. but 
that did not influence tiie mixing (stirring). In addition, at any time, the weight of tiie above adhesive materials was in 
the range of 600 to 650 g. 1^ « ^ ^ 

Then, the resuftant hydrogel granule (6) was dried, pulverized, and dassified in the same way as of Production 
Exanple 2-2, thus obtaining an irregular pulverized water-absorbent resin powder (6) with an average particle diameter 
of 290 Jim and a partide diameter distribution where tiie proportion of partides with a partide diameter of not larger 
than 105 ton was 21 % by weight, from which it would be understood that ttie above hydrogel granule (6) was a granule 
with almost as high a strength as a primary partide. 

From the results of Examples 2-1 to 2-6 and Conrparative Examples 2-1 to 2-2, it would be understood that if tiie 
water-absorbait resin powder is supplied downstream of water, then a stable mixing can be carried out for a long term, 
and further the amount of the formation of tiie fine powder, as included in tiie water-absorbent resin powder as obtained 
by drying and pulverizing ttie resultant hydrogel granule, can be reduced (in ottier words, tiie granulation strength can 
be enhanced still more), when compared with the case where the water-absorbent resin powder is supplied upstream 
of water or where the supplying-position of tiie water-absorbent resin powder and that of water are made even. 

In addition, as to Comparative Examples 2-1 and 2-2, ttie residence time of the water-absorbent resin powder (C2) 
in tiie continuous extrusion mixer 1 was longer tiian ttiat in Example 2-1 . whereas fisheyes were included in tiie result- 
ant hydrogel granule. From this result rt can be guessed that when tiie water-absoitent resin powder is supplied 
upstream of water or at tiie same position as water, partial uneveness occurs in the contact between ttie water-absorb- 
ent resin powder and water, and that this is a factor in failure to make a stable mixing for a long term. 

Various details of the invention may be changed witiiout departing from its spirit not its scope. Furthermore, tiie 
foregoing description of the preferred embodiments according to tiie present invention is provided for the purpose of 
illustration only, and not for tiie purpose of limiting ttie invention as defined by ttie appended daims and their equiva- 
lents. 

Claims 

1. A water-absorbent resin composition, which comprises a product by surlace-crosslinking a mixture of a water- 
absorbent resin primary partide and a water-absortDent resin granule. 

2. A water-absorbent resin compositioni which comprises a mixture of a surface-crosslinked product of a water- 
absorbent resin primary partide and a surface-crosslinked product of a water-absorbent resin granule. 

3. A water-absorbent resin composition, which comprises a mixture of a water-absorbent resin primary partide and a 
water-absorbent resin granule and has an absorption capacity of at least 25 g/g for a physiological salt solution 
under a load of 50 g/cm^. 

4. A water-absorbent resin conposition according to any one of daims 1 to 3. wherein ttie water-absorbent resin gran- 
ule is a granule as obtained by mixing 100 parts by weight of a water-absorbent resin powder witii 80 to 280 parts 
by weight of an aqueous liquid. 

5. A water-absorbent resin conposition according to any one of daims 1 to 4. wherein the ratio by weight of tiie vyater- 
absorbent resin primary partide to ttie water-absorbent resin granule is in tiie range of 95/5 to 40/60. 



33 



EP ^088S917A2 J _> 



EP0885917A2 

6 A wocess for producing a water-absorbent resin composition, comprising the step of adding a crosslinWng agent 
' to a mixture of a water-absorbent resin primary partide and a water-absorbent resin granule, tlius crosslinking the 
surface neighborhood of the mixture. 

5 7 A process for producing a water-absorbent resin composition, comprising the step of mixing a surface-crosslinked 
product of a water-absorbent resin primary particle and a surface-crosslinked product of a \flater-absorbent resin 
; . gramila * 

8. A process according to claim 6 or 7. wherein the water-absorbent resin primary particle has a particle diameter of 
10 850 to 105 Jim: 

9 A proc^ for producing a water-absorbent resin granule, donprising the step ot mixing a water-absorbent resin 
powder with a preheated aqueous Ikiuid at a high speed, thus obtaining a water-absorbent resin granule. 

IS 10. A process according to daim 9. wherein the mixing step is carried out for at longest 3 minutes. 

11. A process according to daim 9 or 10, wherein 100 parts by weight of the water-absorbent resin powder is mixed 
with 80 to 280 parts by weight of the aqueous liquid in the mixing step. 

20 12. A process according to any one of claims 9 to 1 1 . wherein the water-absorbent resin powder has an average par- 
ticle diameter of 10 to 150 ^m. 

i 3. A process according to any one of claims 9 to 1 2. wherein the preheated aqueous liquid has a temperature of 50 
to100*»C. 

14. A process according to any one of daims 9 to 1 3. further comprising the step of drying the resultant mixture of the 
water-absorbent resin powder with the aqueous liquid by heating at a temperature of 100 to 250 after the mixing 
step. 

30 15. A process for producing a water-absorbent resin granule. comiMrising the steps of: supplying a water-absorbent 
resin powder and an aqueous liquid into a continuous extrusbn mixer having a plurality of supplying-inlets along an 
an-angement of stirring-members, wherein the water-absorbent resin powder is supplied downstream of the aque- 
ous liquid; and mixing the water-absorbent resin powder and the aqueous liquid in the continuous extmsion nnxer. 
thus continuously granulating the water-absorbent resin powder. 

35 

16. A process according to claim 15. wherein the amount of the supplied aqueous liquid is in the range of 30 to 400 
parts by weight per 1 00 parts by weight of the water-absorbent resin powder. 

17. A process according to claim 15 or 16, wherein the aqueous liquid has a temperature of 40 to 100 °C. 

40 

18. A process according to any one of claims 1 5 to 1 7. wherein at least 50 % by weight of the water-absorbent resin 
powder has a partide diameter of not larger than 105 jim. 



so 



55 



34 



BNSOOCiO: <EP 088591 7A2J.> 



EP0 885 917A2 




35 

RNSIX3CID: <SP __i0885917A2J_> 



EP 0 885 917 A2: 

















ro 




e 

o' 

\n 



36 



17A?J_> 



EP0Q85 9i7A2 




37 



BNSOCXSiO: <g p ' o aasQiTAa i > 



EP 0885 917 A2 



CVi 



\ 



7 




WW 




39 




RMArynhirv <r;p • 08a59i7A2 I > 



40 



EPp885917 A2 . 




BNSOCCID: <g P - ■ Q BaSBITAa i > 



EP 0 885 917 A2 



Fig:8(a) 



Powder 



Mixing rotor 



Thrusting-up force 



Secondary dispersion pin 




Liquid 
Primary dispersion pin 



Thrusting-up force 



Secondary dispersion pin 



Fig. 8 (b) 



Powder 



4 



Liquid — -=j 




42 



EP 0 885 917 A2 




43 



BNSOOCID: <EP^ 



EPd$85 917 A2 



Fig. 8 (d) 




44 



nnn»>i7A9 i » 



EP 0 885 917 A2 




PNfVyOClDr. <EP ■ - 0885917A2.I_> 



45 



(19) 




(12) 



Eurppaisches Patentamt 
Europ«h Patent Off ice 

Office europ^ehdes brevets (H) EP 0 885 917 A3 

EUROPEAN PATENT APPLICAtlON 



(88) Date of publication A3: 

04.1 0.2000 Bulletin 2066/40 

(43) Date of publication A2: 

2ai2.1998 Bulletin 1998/52 

(21) Application number: 9^111049.7 

(22) Date of filing: 16.06.1998 



(51) lntCl7: C08J 3/12, C08J 3/24 
//C08L101:14 



CO 
< 

CO 
00 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES R FR GB GR |E IT LI LU 
MCNLPTSE 

Designated Extension States: 
ALLTLVMKROSI 

(30) Priority: 18.06.1997 JP 16096497 

23.06.1997 JP 1 6566697 

09.01.1998 JP 332798 

(71) Applicant: 

Nippon Shokubai Co., Ltd. 
Osaka-Shi, Osaka 541-0043 (JP) 

(72) Inventors: 

• Dalroku, Yorimlchi 
Shikama-ku, Himef -shi, Hyogo, 672-8048 (JP) 



• IshizakI, Kunlhiko 
Suha-shi, Osaka, 565-0875 (JP) 

• Hatsuda, TakumI 
Takasago-shI, Hyogo, 676-0822 (JP) 

• Hitomi, Kazuhlsa 
HImeji-sm, Hyogo, 670-0955 (JP) 

• Kajikawa, Katsuhiro 
Himeji-shI, Hyogo, 671-1236 (JP) 

• Yamada, Soichi 

Hlme|i-shl, Hyogo, 671-1226 (JP) 

(74) Representative: 

Henkel, Feller, Hanzel 
MOhlstrasse 37 
81675 Munchen (DE) 



(54) Water-absorbent resin granule-containing composition and production process 



(57) The invention provides: a water-absorl)ent 
resin granule-containing composition with resolution of 
various problems, as caused by water-absorbent resin 
fine powders, and with high granulation sbrength. and 
with no physical property deterioration due to granula- 
tion, and, if anything, with improvement of tiie absorp- 
tion capacity under a load by granulation; and a process 
for producing the above granule. A water-absorbent 
resin primary particle and a water-absorbent resin gran- 
ule are separately surface-crosslinked and then mixed, 
or mixed and then surface-crosslinked. The granulation 
is carried out by mixing a preheated aqueous liquid and 
a water-absorbent resin powder at a high speed or by 
supplying a water-absorbent resin powder downstream 
of an aqueous lk|uid witii a continuous extiusion mixer. 



0. 
LU 



Printed by Xerox (UK) Business Services 
2.16.7 (HRS)y3.6 



EP 0 885 917 A3 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 11 1049 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with Jndtcation, where appropriate; 
of relevant passages 


Relevant 
todaim - 


CLASSIFICATION OF THE 
APPLICATION (InLCLS) 


Y 

Y.P 


UO 96 13542 A (NIPPON CATALYTIC CHEM IND 
;HATSUDA TAKUMI (JP); KAJIKAWA KATSUHIRO) 
9 May 1996 (1996-05-09) 

4 EP 0 789 047 A ( ) 

13 August 1997 (1997-08-13) 
» claims 1-7,15,19,20,24 * 

* page. 8, line 13-34 * 

* ayainnlas \ 2 * ■ 


1-8 
1-8 


C08J3/12 
C08J3/24 
//C08L101:14 


Y 

Y,P 


WO 97 03114 A (ISHIZAKI KUNIHIKO ;NIPPON 
CATALYTIC CHEM IND (JP); HARADA NOBUYUKI) 
.laniiarv 1997 (1997-01-30) 

i EP 0 780 424 A ( ) 

25 June 1997 (1997-06-25) 

* claims 1,2,6 * 

* nane 17 line 34 — Daae 18. line 34 * 

* page 19, line 47 - line 52 * 

* examples 1-3 * 

* table 2 * 


1-8 
1-8 




A 


EP 0 695 763 A (AMCDL INTERNATIONAL CORP) 
7 February 1996 (1996-02-07) 
♦ claim 1 ♦ 


1 


TECHNICAL FKLOS 
SEARCHED (InLCLQ 






C08J 


D.A 


US 5 422 405 A (DAIROKU YORIMICHI ET AL) 
6 June 1995 (1995-06-06) 
* claim 1 * 


1 




0,A 


US 4 950 692 A (BAILEY KRISTY H ET AL) 
21 August 1990 (1990-08-21) 
* claims 1,10,11 * 


9,15 




D.A 


EP 0 417 761 A (DOW CHEMICAL CO) 
20 March 1991 (1991-03-20) 
* claims 1,9,10 * 


9.15 




The present seaicti report has been drawn up lor aO daims 

a«.w» <u ■ ii Dtfa ttl CGmalBtiOR of Iho MAfCh 







THE HAGUE 



7 August 2000 



Hallemeesch, A 



CATEGORY OF CITED DOCUMENTS 

X : particufaily relevant H taken ahane 

Y : particulafly relevant if combined wHh another 

document of the same category 
A : lechnologicai background 
O : non-«irmten asOosure 
P : intemiediate document 



T: theory or prtnciple imdertyino the invention 
E : earlter patent docunMnl. but published oa or 

after ttw filing date 
D : document dted in the application 
L : document ciied for odier reasons 



& : member of tne same patent fainilir, ooiresponding 
document 



2 



EP 0 885 917 A3 




European Patent Appiieation Mumbw 

Office EP 98 11 1049 



CLAIMS INCURRING FEES 



The present European patent application comprised at the time of filing more than ten claims. 

□ Only part of the claims have t)een paid within the prescrik>ed time limit. The present European search 
report has been drawn up for the first ten claims and for those claims for which claims fees have 
been paid, namely clalni(s): 



□ 



No claims fees have been paid within the prescribed time limit. The present European search report has 
t>een drawn up for the first ten claims. 



LACK OF UNITY OF INVENTION 



The Search Division considers that the present European patent application does not comply with the 
requirements of unfty of invention and relates to several inventions or groups of imrentions, namely. 



see sheet B 



□ 
□ 



All further search fees have been paid within the fixed time limit The present European search report has 
t>een drawn up for an claims. 

As all searchat>le claims could be searched without effort justifying an additional fee, the Search Division 
did not invite payment of any additional fee. 

Only part of the further search fees have been paid within the fixed time limit. The present European 
search report has been drawn up for those parts of the European patent application which relate to the 
inventior)s in respect of which search fees have been paid, namely claims: 



□ 



None of the further search fees have been paid within the fixed time limit. The present European search 
report has been drawn up for those parts of the European patent application which relate to the invention 
first mentioned In the claims, namely claims: 



3 



EP 0 885 917 A3 




European Pirtsnt 
Office 



LACK OF UNITY OF INVENTION 
SHEET B 



iEP 98 11 104? 



^ «» - «« 1 li I Miii „m 



The Search Division considers that the present European patent appiication does not comply with the 
requirements of untty of invention and relates to several lr>ventions or groups of mvonttons, namely: 

1; Claims: 1-8 

Surface crossl inked mixture of water absorbent resin primary 
particles and water absorbent resin granules and process for 
preparing same 

2. Claims: 9-18 

Proces(ses) for producing a water absorbent granule by 
mixing a water absorbent resin powder with an aqueous liquid 
(agglomeration) 



4 



EP 0 885 917 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 98 U 1049 



TNs annex Usis me patent lamay members relating to the patent documents cited in the atKwe-mentwned European search report. 

The rrwriJbers are as contained in the European Patent OfBceEDP file on . ' 

The European Patent CWice is in ho way tialsle tor these parliculais v»hlch are merely gnren tor Ihe purpose of infonnatlon. 

07-08-2000 







Publication 




Patent fatoRy 


1 Publication 


cited in search report 




date 




me(nt>er(s) 


1 date 


WO 9613542 


A 


09-05-1996 


CN 


1171129 A 


21-01-1998 






EP 


0789047 A 


13-08-1997 


Up. 9703114 


A 

A 


1A^A1 —1 OQ7 


rp 

cr 


0780424 A 


25-06-1997 






lie 




09-11-1999 




A 


07-02-1996 


DE 


69508489 D 


29-04-1999 






DE 


69508489 T 


22-07-1999 


us 5422405 


A 


06-06-1995 


JP 


2675729 B 


12-11-1997 






OP 


6184320 A 


05-07-1994 








DE 


69314451 D 


13-11-1997 








DE 


69314451 T 


20-05-1998 








EP 


0605150 A 


06-07-1994 








ES 


2106984 T 


16-11-1997 








KR 


137347 B 


25-04-1998 


US 4950692 


A 


21-08-1990 


EP 


0455846 A 


13-11-1991 






SG 


52430 A 


28-09-1998 


EP 0417761 


A 


20-03-1991 


US 


5064582 A 


12-11-1991 






CA 


2025420 A 


16-03-1991 








. DE 


69017323 D 


06-04-1995 








DE 


69017323 T 


24-08-1995 








OP 


3152104 A 


28-06-1991 



§ For more detaUs about this annex : see Official Journal of the European Patent Office. No. 1 2/82 



5 



